Stellar Streams Discovered in the Dark Energy Survey
arXiv:1801.03097

Nora Shipp (U. Chicago)

Alex Drlica-Wagner, DES Milky Way Working Group
DES Collaboration



Stellar Streams



Stellar Streams

Rensselaer/Benjamin A. Willett



Why study stellar streams?

1. Galaxy formation



Why study stellar streams?

B p (mag/arcsec?)
[ : : ; |

38.0 35.5 33.0 30.5 28.0 25.5 23.0

1. Galaxy formation

o Hierarchical structure formation

Bullock & Johnston



Why study stellar streams?

B p (mag/arcsec?)
I : : ;

38.0 35.5 33.0 30.5 28.0 25.5 23.0

1. Galaxy formation

o Hierarchical structure formation

o Formation of stellar halos

Thin disk: stars/gas -

Thick disk: stars

Halo: stars
. ®

Globular clusters

. . . . Bullock & Johnston
Swinburne University of Technology



Why study stellar streams?

B p (mag/arcsec?)
I : : ;

38.0 35.5 33.0 30.5 28.0 25.5 23.0

1. Galaxy formation

o Hierarchical structure formation
o Formation of stellar halos

o Galactic archaeology

Thin disk: stars/gas -

Thick disk: stars

Halo: stars
. ®

Globular clusters

. . . . Bullock & Johnston
Swinburne University of Technology



Why study stellar streams?

2. Dark Matter



Why study stellar streams?

2. Dark Matter

o Large scale: What is the shape of the Milky Way potential?

Milky Way:
Triaxial Dark Halo

David Law
UCLA



Why study stellar streams?

2. Dark Matter
O Large scale: What is the shape of the Milky Way potential?

o Small scale: What is the abundance of low mass subhalos?

cDM . " WDM




Why study stellar streams?

2. Dark Matter
O Large scale: What is the shape of the Milky Way potential?

o Small scale: What is the abundance of low mass subhalos?
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Need a large sample of stellar streams



Searching for Stellar Streams



The Dark Energy Survey

e Wide area in southern hemisphere
e High accuracy star-galaxy separation to g~23.5

e Excellent calibration
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We selected stars around old, metal-poor isochrones

NGC 1261
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We selected stars around old, metal-poor isochrones

NGC 1261 NGC 7089 (M2) Reticulum II Sculptor
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We selected stars around old, metal-poor isochrones

NGC 1904 B2 - B ST 78
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Naming the streams

Symmetry Magazine: Rivers in the Sky
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Naming the streams
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Naming the streams
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New Stellar Streams
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Elqui stream discovered

at 50 kpc
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ATLAS stream
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ATLAS stream

ATLAS Distance Gradient

Preliminary

— Koposov 2014
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ATLAS stream

ATLAS Distance Gradient

Preliminary

— Koposov 2014

32



Tucana lll Stream

Filtered Stars
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Tucana |l Stream

Filtered Stars
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Tucana |l Stream
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With only DES photometry we can identify metal poor stars




Erkal+ 2018 arXiv:1804.07762

Tuc lll stream and the LMC

Pre-Gaia DR2 we modelled the stream and predicted a close passage with the LMC

Stream fit Predicted PMs depend on LMC mass

=11

B{")

3
U

o

=]

|
~ N

= in w

7
g
E

=1
I

E

* Gaia PM -~ .

0235 0.3 035 040 045 030 055 060 0.65
Mycosd (masiyr)

Closest a_pp_roaph to LMC

Gaia PM differs from prediction

PM depend heavily on Milky Way potential

Gaia DR2 PMs from Simon 2018 imply a close passage
with the LMC so can be used to measure LMC mass
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Summary

Stellar streams are powerful tools for studying the Milky Way
Discovered new stellar streams in DES

combined with measurements allows
for strong constraints on stream parameters

Paper available at https://arxiv.org/abs/1801.03097
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