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The Sausage and the
Sequoia

N W Evans, Institute of Astronomy, Cambriage




Milky Way Substructure




| ocal Stellar halo in 7-D
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2. Position on the sky 2. Galaetic.y
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The Retrograde S1 stream
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The Retrograde S1 stream
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The Retrograde S1 stream
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The Retrogarde S1 stream
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The Retrograde S1 stream
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The Retrograde S1 stream

O’Hare et al 2018



Retrograde Substructures

* The highly retrograde S1 stream was
scovered by Myeong et al. (2018a) by a
substructure search in velocity space.




Retrograde Substructures

Myeong et al 2018b



Retrograde Substructures
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Retrograde Substructures

« Myeong et al. (2018b) recovered the retrograde
S1 stream (as well as the other substructures
found in velocity space).




Retrograde Substructures

Retrograde substructures may be related to the globular
cluster w Centauri. This has a present-day mass of 5 x
10° Mo and may be the stripped nucleus of a dwarf

Bekkl & Freeman 2003

e w Centauri has multiple stellar populahons The stars In




The Retrograde FSR 1758

 FSR 1758 was found by Barba et al. (2019) using
DECaPS & VVV data, complemented with Gaia DR2.

tIs an extended agglomeration of stars, located at
| = 349° b = 3°) and with a distance of ~10 Kkpc.

e Barba et al. (2019) equivocated as to whether FSR
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The Sequoia Clusters
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This is the same pattern as seen for the
Sagittarius & the Sausage.



The Sequoia Clusters

 [here are 5 globular clusters probably
associated with the Sequoia Event. They are
FSR 1758, NGC 3201, w Centauri, NGC 6101
and NGC 6535. All have e = 0.6, i = 160°.




The Sequoia Event
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The Sequoia Event

Myeong et al 2019, submitted to arXiv today



The Sequoia Event

Mackereth et al (2019) showed that halo stars with
high eccentricity orbits tend to have lower [Mg/Fe]
on average compared to the rest of the halo stars.

Matsuno et al. (2019) claim
the knee in the abundance
and metallicity plane

differs by about 0.5 dex for
the retrograde component
and the Sausage (SAGA x
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The Sausage and the Sequoia
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The Sausage and the
Sequoia ...

 The Gala Sausage is the biggest structure in the
stellar halo, with a stellar mass of ~ 5 - 50 x 108

o. 1his Is the stellar mass of the Small or Large

agellanic Cloud. The DM mass is ~ 1-5 x 101




.. and Gala-Enceladus

e Helmietal (2019) proposed that a similar
ancient major merger - ‘Gaia-Enceladus’ -
could have given rise to the bulk of the
retrograde stars in the halo as well as the low-
angular momentum debris.




The Dark Matter Hurricane




S1: The DM Hurricane
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Distribution of WIMP velocities in laboratory
frame over the course of a year



S1: The DM Hurricane

* |In directional DM detection, the incoming
velocity of the weakly interacting massive
particle (WIMP) in a Stream is at a characteristic

velocity.




S The DM Hurricane
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S1: The DM Hurricane




Conclusions

Evidence for Two Early Accretion Events That Built the
Milky Way Stellar Halo

. «q e 9 . - -
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ABSTRACT

The Gaia Sausage is the major accretion event that built the stellar halo of the Milky
Way galaxy. Here, we provide dynamical and chemical evidence for a second substan-
tial accretion episode, distinct from the Gaia Sausage. The Sequoia Event provided
the bulk of the high energy retrograde stars in the stellar halo, as well as the recently
discovered globular cluster FSR 1758. There are up to 6 further globular clusters, in-
cluding w Centauri, as well as many of the retrograde substructures in Myeong et al.
(2018), associated with the progenitor dwarf galaxy, named the Sequoia. The stellar
mass in the Sequoia galaxy is ~ 5 x 107 M, whilst the total mass is ~ 10! M, as
judged from abundance matching or from the total sum of the globular cluster mass.
Although clearly less massive than the Sausage, the Sequoia has a distinct chemo-
dynamical signature. The strongly retrograde Sequoia stars have a typical eccentricity
of ~ 0.6, whereas the Sausage stars have no clear net rotation and move on predom-
inantly radial orbits. The Sequoia stars have lower metallicity and higher abundance
ratios as compared to the Sausage.

Key words: Galaxy: stellar content — Galaxy: halo — Galaxy: formation — Galaxy:
kinematics and dynamics

On Arxiv, Friday





































