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Milky Way Dwarf Galaxy Discovery Timeline
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Milky Way Stellar Stream Discovery Timeline
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Milky Way Stellar Stream Discovery Timeline
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New Streams from DES
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New Streams from Gaia

Photometry + Proper Motion

90

60

30

-30

—-60+F

-90

GD1 . Sylgr  Slidr
g O, Svol / J/
et Bedriefidn., Fimbulthul \ :
\ Yigr: /"
. m‘ . ] .
o vl oA h -
| — —
[Fe/H]= — 2.0 —20 =10 0 10 20 -y
l<dgy <10 kpc t; [masyr—1] IGJOH
8 P ir:fé’~ " x. B LMC \\‘:‘?\..{.;: :
s e SMC | |
Phlegethon e Leiptr
/
Jhelum

Ibata+2019



Milky Way Stellar Stream Discovery Timeline
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Not Including...

» Stellar Overdensity/Cloud: Monoceros, Tri-And, VOD, POD, Her-Aq...



Not Including...

» Stellar Overdensity/Cloud: Monoceros, Tri-And, VOD, POD, Her-Aq...
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Not Including...

» Stellar Overdensity/Cloud: Monoceros, Tri-And, VOD, POD, Her-Aq...
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Not Including...

Not in galstream Discovered in velocity or action space

Helmi Stream (Helmi et al. 1999)

Hercules Stream (Dehnen 2000) or any solar neighborhood “streams”
ECHOS (Schlaufman et al. 2009)

V3, N1-N6 from LAMOST DR1/DR2 (Zhao et al 2014, 2015)
NEW1-NEW4 from LAMOST DR3+Gaia (Liang et al. 2017)

S1-S4 (Myeong et al. 2018a)

Rg1-Rg8 (Myeong et al. 2018b)

streams vs moving groups vs debris flow vs clumps vs .....



Define what is a stream....
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Milky Way Stellar Stream Discovery Timeline
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How many streams are real?

a) 100%

b) 80%

c) 50%

d) 30%



How many streams are real?

a) 100%
b) 80%
c) 50%
d) 30%

e) | do not know most of these streams



Photometry vs Spectroscopy

* Photometry
« Discovery
* Morphology (length, width)
 Location (distance, position)
e Luminosity

e Spectroscopy + Proper motion
« Confirmation
 Orbit, accretion history
« Kinematics (dispersion, cold vs hot) — progenitor
« Metallicities / chemical abundance — progenitor
« Milky Way Mass Constraints



Spectroscopic Follow-up (Published)
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Why most streams have not been followed
spectroscopically?

Spectroscopically follow-up a few dozens of streams are
less interesting scientifically compared to dwarf galaxies.

We do not have someone like Joshua Simon, who
had/have “infinite” telescope time on Keck/Magellan.

Some streams were followed up but were not confirmed
and therefore not published.

Streams are technically much harder to follow-up
because they are more diffuse (i.e. lower member density
and higher contaminations).

It's too much work so no one wants to do it; everyone is
waiting for 4MOST, DESI, WEAVE to do it for us.

All of the above.
None of the above.



Best time for following up the stellar
streams spectroscopically!

> (Great photometry from deep
imaging surveys

> (Gaia DR2:
Parallax + Proper motion

> Tools/Experiences from dwarf
galaxy follow-up



Spectroscopic Follow-up (Published)
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Southern Stellar Stream Spectroscopic Survey (S°)

« AAT + 2df/AAOmega



High Multiplexity, wide FOV = ideal for streams

AAT: Anglo-Australian
Telescope (4 meter) at

2df: 2-deg (in
diameter) field fiber
positioner w/ 400 fibers

AAOmega: a
dual-arm optical
spectrograph

23



Southern Stellar Stream Spectroscopic Survey (S°)

« AAT + 2df/AAOmega
« ~30 members in the
collaborations
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Southern Stellar Stream Spectroscopic Survey (S°)
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Southern Stellar Stream Spectroscopic Survey (S°)
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Southern Stellar Stream Spectroscopic Survey (S°)
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S° Status

- Started in August 2018

20" 690 30 0° —30° - ~25 nights in 2018B
o T . 10 DES streams fully
mapped; 8 streams are
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ERA Already double the
§ number of streams with
—45° 6D info.
—60° . Expand beyond DES
footprint in 2019 for a total

of 20 streams

Right Ascension

Observed
@ Pilot program

TSL et al. in prep
(S° Collaboration)



Example: ATLAS Stream (w/ 12 AAT pointings)
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Example: ATLAS Stream (w/ 12 AAT pointings)

TSL et al. in prep
(S° Collaboration)
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Example: ATLAS Stream (w/ 12 AAT pointings)
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What does 6D+1 tell us?

Goals:
- Measure 6D + metallicity
- Characterize stream progenitors
- Constrain the Milky Way mass



What does 6D+1 tell us?

Goals:
- Measure 6D + metallicity
- Characterize stream progenitors
- Constrain the Milky Way mass

influence of the LMC
A Tuc lll stream
d Orphan stream

Denis Erkal




S° Status

- Started in August 2018
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Discovery: Tidal tails around Tucana lli
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Tucana Ill Stream
Observed with AAT before Gaia DR2
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Fitting the orbi

Erkal, TSL et al. 2018

(DES Collaboration)
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Fitting the orbit

Erkal, TSL et al. 2018
(DES Collaboration)
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Tuc lll stream in the presence of LMC

Credit: Denis Erkal


http://www.youtube.com/watch?v=Nl0lquAgPQE

Prediction for the Proper Motion

Proper motions perpendicular to the stream
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Constrain the LMC mass w/ Tucana Il



Prediction for the Proper Motion

Proper motions perpendicular to the stream
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Fitting the orbit

Erkal, TSL et al. 2018
(DES Collaboration)
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Orphan Stream

Orphan Stream inferred from RR Lyraes in Gaia DR2
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Orphan Stream

Orphan Stream inferred from RR Lyraes in Gaia DR2
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Orphan Stream

Orphan Stream inferred from RR Lyraes in Gaia DR2
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Orphan Stream

Orphan Stream inferred from RR Lyraes in Gaia DR2
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Orphan Stream

Orphan Stream inferred from RR Lyraes in Gaia DR2
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Orphan Stream
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Orphan Stream is perturbed by LMC

Milky Way + LMC
t = 0.00 Gyr, r(LMC-Orphan) = 37.4 kpc

Credit: Denis Erkal

http://personal.ph.surrey.ac.uk/~de0012/files/orphan_pr/

Z (kpe)


http://personal.ph.surrey.ac.uk/~de0012/files/orphan_pr/
http://www.youtube.com/watch?v=sBKpwQR7JJQ
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Perturbation from LMC
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Perturbation from LMC
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Proper Motion / Track Misalignment
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Perturbation from

LMC

Effect of LMC
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Proper Motion / Track Misalignment
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Prediction for the Proper Motion

Proper motions perpendicular to the stream
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Erkal, TSL et al. 2018
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> Milky Way’s reflex motion was not considered



Proper Motion / Track Misalignment
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Proper Motion / Track Misalignment
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Summary

 Only ~10% of the stellar streams have been followed up spectroscopically.
We know very little about the orbit/kinematics/chemistry of the streams

« We are at the best time to follow-up all the streams, thanks to Gaia DR2.
e We are in the process of obtaining 6D+1 info for the southern streams

- Characterize stream progenitors
- Constrain the Milky Way potential/mass

@ We must account for the LMC if we want to measure MW’s shape.
- ] Simultaneous fit with multiple streams can infer the 3D profile of LMC

If a stream in the south should be
followed, please let us know!



