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Significant resources are dedicated to the search for dark matter
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Significant resources are dedicated to the search for dark matter

Interacts with ordinary matter ?
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Significant resources are dedicated to the search for dark matter

Interacts with ordiary matter?

] = [ak . F
R TR T - Y
¥y e . A .
i T i s :

oducedinalab?

b w ; -~
- ¢ I.f.r #
) 3
Wl T

Can be pr

.....
e e L o

[LUX experiment: $10M]



The nature of dark matter is encoded in its spatial distribution

Particle mass ~ GeV




The nature of dark matter is encoded in its spatial distribution

Particle mass ~ GeV Particle mass ~ keV




The nature of dark matter is encoded in its spatial distribution

Particle mass ~ GeV Particle mass ~ keV Particle mass ~ ) —22

Goal: Create a high-resolution map of dark matter in the Milky Way
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Coal Oil Point Reserve




Gravitational pull of the Moon creates tides

Earth
Moon




Gravitational pull of the Moon creates tides
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Gravitational pull of the Moon creates tides

Earth (From Earth's perspective)
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Gravitational pull of the Moon creates tides

Earth (From Earth's perspective)
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Gravitational pull of the Moon creates tides

Moon

1]

Tidal acceleration

Earth's acceleration
(gravity)

Earth (From Earth's perspective)



Gravitational pull of the Moon creates tides

Moon
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Tidal acceleration

Earth's acceleration
(gravity)

Earth (From Earth's perspective)

= (0.00001%



Gravitational pull of the Milky Way creates tides, too!



Gravitational pull of the Milky Way creates tides, too!

For a star cluster close to the Sun
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Globular clusters lose stars to form tidal streams

800 million years
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Globular cluster Palomar 5 has a tidal stream of stars
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Stellar streams preserve a record of all gravitational interactions

Stellar stream in a smooth galaxy
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Stellar streams preserve a record of all gravitational interactions

Stellar stream in a smooth galaxy

Stellar stream in a clumpy galaxy




Bonaca et al. (2012)

Stellar halo of the Milky Way
IS rich with structure




Gaia Data Release 2




Gaia's view of the GD-1 stellar stream

Distant stars
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Gaia's view of the GD-1 stellar stream

Price-Whelan & Bonaca (2018)
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Gaia's view of the GD-1 stellar stream
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Gaia's view of the GD-1 stellar stream

Proper motion selection
I
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Gaia's view of the GD-1 stellar stream

Proper motion selection
I
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Gaia's view of the GD-1 stellar stream

Proper motion selection
I
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Gaia's view of the GD-1 stellar stream

Proper motion selection
I
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Gaia's view of the GD-1 stellar stream

Proper motion selection
I

1‘_ 98 it
. "‘ l | ‘J’fn

‘1n.1- "* "‘i
A nt# Pp e "?“ ¢

#B&. / 4 ra.-f '"-n‘ i#
A ':\ l’- L1 .s'.-‘ # :

A o i 2 s
At iy £ EA Lo o T Y X K1Y - - 1
. J E . s = v W ] a F " i
. - F i £ , "y Foll
u ] i - ‘| 57 B - " e - L - o ] T i el
1 0

Proper motion and photometry selection
I I I I I

Previously Progenltor?
-.,undetected L L e it s s

H .. o @ L - . we = S - . ® _ s "
m .-1 - -i‘.i L9 " - l‘-i L L] L " '. " . e " * '!'. S | " # : i“'r -‘ 'FF '-| 'I-*" " '-.: " .
L] : L e L "' F . -" B " *algae :"1. ol - " i‘ T : . T
‘l ' " = L ® ‘.- ® ..p L s ¥ g I :
" :. . 'l":.i LA 1 * . a8 *’7— " N t";! éﬁil""‘{' i .._: l:‘ . ‘l::"l:" e .
— s e - Wﬁ-ﬁ" 4 A Bl iy
' . L, v
e 0 : b e L ;".4...:»9,»-"-- “' h’(‘% """ ’ e £ 1
l’. -ﬁ,l-ll*_:.--. .'1':- 1. .‘- h‘:‘ - - . ‘1-... '-I,'_. s = " " o - " :.I l.'!‘l.:
N LT .:]:..‘ F -.' - T - l|l__ = . :I".‘I 'l'" '.- ™ * = . ;' -
-e- P 3R e . " O " .- . T * L . b
= & L e 0 - 5 L - W .
- . . > - = = ;' aid "a #1 H™
- . L b . LI N - s = =
';l » " .-‘. T T ) H w . r l' wa
e = ) ' iy ) l-l". * - L " e

Price-Whelan & Bonaca (2018)

10 I I I P I

10

Ho, [mas yr_1]

go [mag]

L
K.
o
i
4*"-':1
“ "4
e T
ol L
".... v
=

(9-i)o [mag]



Gaia's view of the GD-1 stellar stream

Proper motion selection
I
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Observed GD-1 stellar stream
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Who perturbed the GD-1 stream?
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Who perturbed the GD-1 stream?
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Whodunit:
10 - - (or candidates for
the perturber)
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_ | |
150 10 20 30

R [kpc]



Who perturbed the GD-1 stream?
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Who perturbed the GD-1 stream?
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Stream structure constrains

the encounter parameters
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Stream structure constrains

the encounter parameters
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The GD-1 perturber is not a known satellite of the Milky Way

Relative distance [pc]
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Dark matter subhalo is a plausible perturber of GD-1

107 GD-1 perturber




Additional signatures of the hypothetical perturber:

Annihilation Disk disturbances Perturbations of halo stars
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(e.g., Albert et al. 2017) (e.g., Antoja et al. 2018) (e.g., van Tilburg et al. 2018)



Relative velocity will determine the perturber's orbit
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Perturbed stars are moving at the speed of unperturbed stars

Velocity [km s™'] &, [deg]
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In the next decade, we will find streams throughout the Milky Way
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