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Schaye+ (2015), Crain+ (2015)

Implications - what
does it all mean for
galaxy evolution
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Galactic chemical evolution models can be used to
reproduce [at/Fe] bimodality

halo & thick disc

PN 8 the ‘two-infall’ model - Chiappini
. “gap’ : et al. 1997, 2001
£
N 3 " Since refined: Spitoni et al. 2018
and many others
[Fe/H] j’ time

Galactic Radius (SFE) —

‘radial migration’ model
- Schoenrich and Binney (2009)

[alpha/Fe]

Studied in context of numerical sims
in Aumer et al. (2016)

[Fe/H]



Analytic models can reproduce the
data by having freedom to adapt ana
‘reverse engineer’ the data

Need to produce a Milky Way-like [a/Fe] plane ab initio

to make orthogonal predictions for the Milky Way and
understand its context

' Forward Model:
use Cosmological Simulations
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Disk Dominated (Schaye+ 2015, Crain+ 2015, McAlpine+ 2015)
100 Mpc simulated self-consistently
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[ax/Fe] in EAGLE correlates with star formation timescales
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[ax/Fe] in EAGLE correlates with star formation timescales
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All good - but why spend
time and money on
cosmological simulations?
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Unimodal - low-alpha
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Bimodal

[a/Fe] bimodality
(at fixed [Fe/H])
rarely seen at the
MW stellar mass
range
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Unimodal - low-alpha

Diversity in x-element
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iIs there a more
fundamental factor
driving bimodality?




Galaxy [a/Fe] bimodality correlates with mass accretion history
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Galaxy [a/Fe] bimodality correlates with mass accretion history
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Mono-age, mono-[Fe/H] populations can
disentangle processes of the Milky Way’s formation
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(low-[ax/Fe])

‘The'Milky Way disk is made up of donuts'’

Mackereth+ (2017)
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(low-[a/Fe])
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(low-[at/Fe])

‘The'Milky Way disk is made up of donuts'’
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See also Laporte talk (and refs within!)
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See also Laporte talk (and refs within!)

The low [O(/Fe] population is warped

% .
| te Im
- %ﬁ‘ * ¢é ¢ 0 E
age |Gyr] X
0 2 4 6 10 _5
R e
7 8 9 10 1'1 12 7 8 é 10 11 12

19



The low [O(/Fe] population is warped

See also Laporte talk (and refs within!)

High [/Fe] stars are c\umped at a single
mean velocity and radius
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Element abundances reveal
the remnants of the
assembly of the Galaxy
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division in useful abundance plane
from Hawkins+ (2015)

0.5 : — |

Element abundances reveal

the remnants of the »*

0.4 - f

assembly of the Galaxy a0

0.1 1

O
LLi % i
e .. X}
0 5 lf R 0.2 n ° .Oo.'. o9 '?: |
| ] °* ° T
. ® . © . ﬁ ;
° ‘ ¢ ° | 8 LA N, 1Y . e N
¢ : . P oo ' v T O]. . o Yo : ., .°..°°:. ° -’ \
0.4 i : e % . :o p \ e i ‘ ' .¢~,;, ﬁl' . : ... ::%i’.:" ’ . i
¢® o NS R RS ey S R disk stars !
® e o sx &5 *n, I
0.3 - ’ : PR & \ AR "\'_,.“.s%;:%.y 0.0 - high e group ||
— o A f', e '-’;; X | . : low e group F
2 02- R IEEHIENT —01— ' —
g | el R SO | 0.5 0.0 0.5
b.o ° Dot oy © | I
E [halo stars} |

0.0 1

—0.1 -

—0.2
—2.9

—2.0

i e~,,,, o . | [AI/F] -
Gaia-Enceladus (Helmi+ 2018),
Sausage (Belokurov+ 2018, Myeong+2018),

Blob (Koppelman+ 2018, Das+ 2019),
Jeff?

Mackereth+ (2019a) arXiv: 1808.00968 Fe/H] >



Element abundances of EAGLE satellites match those
seen in the Milky Way
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High-eccentricity satellite debris is rare in EAGLE

Median eccentricity of

accreted satellite stars

at z=0
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High-eccentricity satellite debris is rare in EAGLE
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High-eccentricity satellite debris is rare in EAGLE
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Median eccentricity of

accreted satellite stars
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Simulations present a model for [at/Fe] bimodality at fixed [Fe/H] that

suggests the Milky Way had a more intense early history than its
similar mass disc galaxy counterparts

The (qualitative) prediction of this model is that the high [o/Fe]
component should be very different in structure and kinematics
and this is consistent with observations

It this model of the Milky Way is correct, then it had an
atypically rapid build up of dark matter at early times

Gaia is beginning to reveal that this may be the case - but how
can we extend the predictions to the extra-galactic?

EAGLE [a/Fe] origins: 1801.03593 Th an k you I

APOGEE disk structure: 1706.00018
APOGEE disk kinematics: 1901.04502

Gaia-Enceladus in APOGEE/EAGLE: 1808.00968 y @ted_mackereth
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