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Maxwell—Boltzmann Distribution
v.=220 km/s

100 200 300 400 500 600 700 800 e o

v [km/s]
Solar

‘ Goodman & Witten (1985)' Y 4
Freese et al. (1986) - b
Drukieretal. (1987) SN = -7

Pirsa: 22090013

Oy, Nei hborhood

fl} T 1 T 1 N A d X 71
- ) vl Niattor \/
o i o | DCAI JAT 3 AR v/
y ¢ | S WL S ¢ L7éAL L YELCLLLY Y .
. - £ § 91 1 3
: i
: L 4 1 4N .

Dark Matter in the
Solar Neighborhood

Rate < p [ fw) dv

-

pQ . Local Dark Matte.r Density

2y 1ty 7

VCI10CItY

Page 13/40




Maxwell—Boltzmann Distribution
v.=220 km/s
~ Assumes an Isotropic

Equilibrated Dark
Matter Potentlal

100 200 300 400 500 600 700 800 mu _A
v [km/s] '

: olﬁr

Nelghboghood
v. u“f\ >
"@3‘\_ kl\ h

g

“\’\
R

- i 3 ﬁt?:ﬂ-f"

~ Goodman & Witten (1985) 45 ol
Freese et al. (1986) _ j;

Drukier et al. (1987) SM

Pirsa: 22090013

Rate x pg

Dark Matter in the
Solar Neighborhood

[ f(v) ok -

| v

i p@ . Local Dark Mat.tef Density

7] . 3 - T.”r " |
: of(l}) i U JOC | ﬂ h *Jx mjixiicf v"’jiﬂgﬁ}’!

Dl& ribution

Page 14/40




The Standard Halo Model

The simplest potential to produce a
constant rotation curve is that of an

vikmls)

Expected
from
luminous disk

10 R(kpc)

M33 Rotation Curve
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The Standard Halo Model

The simplest potential to produce a

constant rotation curve is that of an Standard Halo Model

0 : velocity dispersion

Drukier et al. (1987)  Jeans (1915)
Freese et al. (1988)  Binney & Tremaine (2008)
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The Standard Halo Model

The simplest potential to produce a

e ) Standard Halo Model
constant rotation curve is that of an

| Poisson Equation N

f(v) o< v? exp

Maxwell-Boltzmann

Distribution
Poisson (1813)
Drukier et al. (1987)  Jeans (1915)
Freese et al. (1988)  Binney & Tremaine (2008)
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The Standard Halo Model

The simplest potential to produce a
constant rotation curve is that of an

We’assumed
._ Equilibrium and
f(v) o< v? exp Jz J ISOtrOp.V!

Maxwell-Boltzmann
Distribution

Poisson (1813)
Drukier et al. (1987)  Jeans (1915)

Freese et al. (1988) Binney & Tremaine (2008)
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' - Direct Detection

‘Direct detection depends on' -~~~ — Hskoosatsiz v
~ astrophysical parameters:

¢ Dark matter density

'+ -Dark Matter velocity

"~ Solar . .
X .~ Neighborhood
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. S Dil‘eCt_ Detection

: _ : e | = : = Empirical Heliocentric |v|
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. Direct Detection
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~ Drrect Detection
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Simulation Analog

z=0.08

10 kpc

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

Credit: Bonaca, Geha, Kallivayalil
Belokurov, Zucker, Evans, et al. (2007)
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Gaia -

® 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
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New Structure!

Most significant merging
event in the solar
neighborhood:

Mass ~ 108 Msun. (1%-
10% of the Milky Way)
Infall Time ~10 billion

years ago.
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Lina Necib, MIT

Belokurov et al. (2018)
Deason et al. (2018)
Myeong et al. (2018)
Helmi et al. (2018)
Lancaster et al. (2018)
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Annual Modulations

‘December

Credit: James Josephides

Froborg & Duffy (2020
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Annual Modulations
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Figure 4. Annual modulation shown as the residual counting rate vs. date for the XENONI10 experiment (4.5-27 keV). The residuals are calculated with respect to
the mean counting rates (given as numbers over cnch line) using a WIMP—nucleon cross section of 10~% pb. The top/bottom row is calculated for py/pn = 0.5/1 and
Mywivp (left to night) of 50, 200, and 500 Ge\"ff The (blue/dashed) line is the modulation signal obtained from the SHM, the (red/dot-dashed) line 1s the modulation
signal from the dark disk, and the (black/solid) line is the total modulation signal. The maximum of the dark disk contribution is shifted to May 9th compared with
the SHMs maximum/minimum on May 30th. Note the different vertical scales in cach of the three columns of the plot array.

(A color version of this figure is available in the online journal.)

Bruch et al.
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Annual Modulations

Debris Flow

Total Rate
Total Rate
Total Rate
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FIG. 3: A comparison of the shapes of the total rate shown at two periods of the year, correspond-
ing to the times of year at which the rate is minimized and maximized, as well as the modulation
amplitude, for three different halo components: SHM (left), debris flow (middle), stream (right).

The normalization between panels is arbitrary.

Freese, Lisanti, Savage (2013)
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Local Density
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Huang et al. 2016
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Kafle et al. 2012

oo oe,

Systematicjerror| |

v.: linear fit
ve: all stellar components + halo
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Lina Necib, MIT

Eilers et al. (2019)
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Local Density
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a) Pdm < Pdm,ext b) Pdm > Pdm,ext

Halo

Pdm ext

Prolate Oblate/dark disc

Figure 1: A schematic representation of local versus global measures of the dark matter
density. The Milky Way disc is marked in grey; the dark matter halo in blue. Local measures
— pam — are an average over a small volume, typically a few hundred parsecs around the Sun.
Global measures — pgm oxt — are extrapolated from larger scales and rely on assumptions about
the shape of the Milky Way dark matter halo. (Here I define pgp, ext such that the halo is assumed
to be spherical.) Such probes are complementary. If pyn < Pamext, this implies a stretched or
prolate dark matter halo (situation a, left). Conversely, if pyy > Pdm,ext, this implies a squashed
halo, or the presence of additional dark matter near the Milky Way disc (situation b, right)
This latter is expected if our Galaxy has a ‘dark disc’ (see §2).

Lina Necib, MIT

Read (2014)
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