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Ultra-Faint Dwarf Galaxies

Satellites of the Milky Way

60—

Low luminosity and surface brightness 50
50/ DES Y2
Old unevolved stellar population g | 0
:
Most dark matter-dominated systems £ 3o; 3  §DPESY1
©
known 5’ 20l 2015 Jan 1 2015 Jul 1 2016 Jan 1
>
@)
Currently, =50 known dwarf galaxy 10| . o
candidates in the local group 3 + o Candidate
01920 1940 1960 1980 2000 2020

Year

Population demographics can
constrain dark matter

3 K. Bechtol, A. Drlica-Wagner



Constraining Dark Matter

- Satellite formation suppressed by dark matter models

- Distribution of satellites
effected by

Warm Dark Matter

Cold Dark Matter

- Dark matter self-
Interaction

-
.
.‘
»
-
.

- Dark matter—baryon
scattering

Lovell et al. (2012)



Constraining Dark Matter
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https://arxiv.org/abs/1904.10000

Matched Filter Search

* Four key parameters: RA, dec, color, magnitude
* Filter stars according to stellar evolution model (“isochrone™)

* |dentify overdensities of individually resolved stars
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Matched Filter Search

* Four key parameters: RA, dec, color, magnitude
* Filter stars according to stellar evolution model (“isochrone™)

* |dentify overdensities of individually resolved stars
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Matched Filter Search

* Four key parameters: RA, dec, color, magnitude
* Filter stars according to stellar evolution model (“isochrone™)

* |dentify overdensities of individually resolved stars
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Aside: Bliss 1

1.0

A T ;
AR D, R e SR T —
0.9 Ji HEEAIETII o 0.4 1.6 Plummer model
TR T e T AT A4 - -
S N G R e 1079t Background field
L e S MR e U e A et i e 0.8 1.4 ]
Lo e . .'.. ....‘ £ . 1
] L 2L 0.9 ] T rp, = 0/55
' 1.2

A52000 (d@g)

0.6

0.4

0.2

0.0

0.0 -

Adapoo (deg)

—0.2 -

Membership Probability

—0.4 1

- 0.4

- 0.2

0.4

0.2

0.0

—0.2

—0.4

Counts

Density (arcmin™?)

AOZQOOO (deg)

Angular separation (arcmin)

1.0 16 8 1.0

17 1

T
=
oo
(@p)
T
=
oo

<
>
<
>

-
~
Membership Probability

(-
i~
Membership Probability

<
N
<
N

23 1

24
—0.2

0.0

0.2

0.4

0.6

0.8

1.0

0.0

24
—0.2

0.0

0.2

0.4

0.6

0.8

1.0

-5

0 5!

g — i (mag) [lo cOSd (mas yr— 1)

7 Mau et al. 2019 [arXiv:1812.06318]

g — i (mag)



https://arxiv.org/abs/1812.06318

Current Satellite Search

- Dark Energy Survey (DES Y3A2) and Pan-STARRS (PS1)

- Combined coverage of =30,000 deg? (=70% of the full sky)



Current Satellite Search
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Current Satellite Search

- Real satellite search: no new candidates
- Simulated satellite search over parameter space
- 100,000 DES Y3A2 simulated satellites

- 1,000,000 PS1 simulated satellites
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Conclusions

Smallest and most dark matter-dominated galaxies

Population of ultra-faint dwarf galaxies can be used to probe fundamental
characteristics of dark matter

World-leading constraints on dark matter particle properties (with 10 year
old datal)

Analysis with modern data underway
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Search Results: DES Y3A2
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Search Results: PS1

SIG > 6.0 Hotspots Preliminary
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Simulation Search
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