





The new velocity distribution
makes the bounds on dark

matter in direct detection
experiments weaker at masses







detection rate depends
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. Assumes the standard Maxwell
® Caltegy, Boltzmann velocity distribution.






Find Dark
Matter
Tracers!

Lma JVecz'b, C’a]tech

8/29/ 17



From Gaia

From DR1- Therefore:

Simulations:




EvoLuTioN oF GALAXIES

Dark ages

First stars

galaxies

Galaxy development

Older stars
are metal

poor stars!

Means that this star has 1/10 |SEkeaAEEEE
of the iron fraction of the Lin
ey
Sun.  Calteg



These old stars merged with

our Milky Way along with the
Dark Matter!
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Exisd
Simulation

This is being
further studied
in other
simulations.

Eris Galactic Velocity Distributions

Ir — ro| < 2 kpc, |zpm|<2 kpc
[a/Fe]>0.2, [Fe/H]<-1

---=[a/Fe]>0.2, [Fe/H]<-2
[a/Fe]>0.2, [Fe/H]<-3

—— All Stars x 0.7

—— DM

9
8
7
6
5
4
3
2
1
0

—NEETEEY [P
—-400-300-200-100 O
v, [km/s]






Globular Clusters



Globular Clusters .




Gaia DR1:Lindergren et al. (2016)
RAVE heliocentric velocities: Kunder et al. (2017)
TGAS (Tycho-Gaia) proper motions: Michalik et al.( 2015) {7
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RAVE-on chemical properties: Casey et al. (2016)
Distances: McMillan et al. (2017)
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Kinematic
Outliers




We use a Markov
Chain Monte
Carlo to find the
best fit
parameters for

Kinematic
Outliers




Kinematic
Outliers

3
Dimensional
Gaussian

3
Dimensional
Gaussian




Kinematic
Outliers
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Hints of dark
matter
substructure?
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Galactic Distribution of |v]
|z| >1.5 kpc

—— [Fe/H]< —1.5
—— [Fe/H]< —1.8




The Maxwell
Boltzmann
distribution we are
taught at school!

Distribution of |v|
|z| >1.5 kpc

—— [Fe/H]< —1.5
— [Fe/H]< —1.8




The Maxwell
Boltzmann
distribution we are
taught at school!

Distribution of |v|
|z| >1.5 kpc

—— [Fe/H]< —1.5
—— [Fe/H]< —1.8




Direct Detection Rate

The DM velocity distribution i1s
part of the computation of the
expected direct detection rate.

Experimental Parameters:

Form factors, mass of the nucleus
(also experimental mass/
exposure should be added)
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Direct Detection Rate

The DM velocity distribution i1s
part of the computation of the
expected direct detection rate.

V.., depends on the
experimental threshold, and the
dark matter mass.
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XenonlT

<g (Vmin> >
—— [Fe/H]< —1.5
—— [Fe/H]< —1.8
-==- SHM

m, = 10 GeV

9(Vmin) = /UOO

min



A factor of 2!

<g<vmin>>
— |[Fe/H]< —1.5
—— [Fe/H]< —1.8

- SHM
m, = 10 GeV
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Stellar and Dark
Matter Distributions
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Eris Galactic Velocity Distributions

Ir — ro| < 2 kpc, |zpm|<2 kpe, [@/Fe]>0.2

All Stars x 0.7

[Fe/H]<-1

[Fe/H]<-2

[Fe/H]<-3
DM
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oS Stellar and Dark
Matter Distributions

Prograde rotation
found in Eris
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Prograde rotation
found in Eris

There is no evidence for
significant prograde
rotation for metal poor
stars in data.

Stellar and Dark
Matter Distributions
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