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Stars have well
defined and well
understood &
useful
properties
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Resolved Stellar ¢ A Stars as living fossils
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The GAIA revolution

Launch: 20th December 2013
DRI: 14th September 2016
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First Improvements from GAIA DR1
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GAIA allows a range of new
results, even from DR1 (combined
with other facilities):

relation between Galaxy and
satellites and globular clusters

Globular Clusters

(and a few ultra-fainte)
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sub-structure in Milky Way halo:
not only Sagittarius
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Proper Motion for NGC 2419:
Vg = =203 km ' HST+GAIA

distance = 87.5 kpc
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Proper Motion for NGC 2419:
Vi = =203 km s HST+GAITA

distance = 87.5 kpc
i integrated +4Gyr

polar orbit rotates in the clockwise direction (same as Sag)
and has pericentre ~53kpc and apocentre ~98kpc
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Massari et al. 2017, A&ALett, 598, 9

GAIA DR2 - first Gaia PM,

colours, spectra, Teff

April 2018
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Proper Motion for Sel dSph:

For the first time measure the internal motions of stars in a dSph
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stars in sample move preferentially

on radial orbits,  ~ 0.9 around the core radius (large uncertainties due to small numbers)

Massari et al. 2017, Nat. Astro., in press
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The lLocal Group Resolution AND Stability: HS'T legacy

1500
Need high spatial res to accurately
1 measure the co ¥ CFHT (plates) ulations
Demers et al. 1984
1000 — " )
_ .SexB L4 SexA ; 5
500 — ®Looh . : 4. 4
MGC3109 ” - e
Z 0 — ° N | [
Ic0 N iR = . kL y
kpe 7 So¥ ° *Sigho Palomar+KPNO2.Im |
500 Andxvill © @8 Q210 Tolstoy 1996 | ) . ) ) ) . ; 3
- ] e%bm;ms EITUC 18 -0.5 0.0 (X 1.0 L5 2.0 T"”T”""TW’E
- Cet [ -+
° B
-1000 — — ol b
-1500 N . ]
= 1000l Sy “ael 7]
1500 1000 [ 1
I 500" [ ]
ke y S0 1000 000 o X 2l 1
-1500 -1500 w P IR o N T T ]
-2 -1 0 1 =2 3 0 1 2 E]
Mateo 2008, MPA/ESO/MPE/USM Joint Conference e-r FaTsW-FE1aW

§W Quantitative CMD analysis HST CMDs for Local Group ultra-faint dwarf galaxies
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HST CMDs for Local Group dwarf galaxies

compilation from Dan Weisz

Tucana 95
. 20) 20| 20f
i Stellar Masses
6 8 2 2z
~106 -
a 7 108 -108M. i, = = =
S S S S
; 24 S 24) 5 24 ; 24
. 2 2 2 e
Distances N N i
~0.4 - 0.9 Mpc
2 2 2
05 0.5 15 25 =05 05 15 25 =05 05 15 25 =05 0.5 15 25
F606W-F814W F475W-F814W F475W-F814W F475W-F814W
Cetus -11.2 LeoA 121 WLM 14.2] IC1613 15.2
22 22 22 22 22
3 # 2 S 2 3
3 3 H 3 3
; 24 ; 24 ; 24 z 244 ; 24
2 2 2 b3 b
26} 26 26 26| 26)
2 2 2 2
0. 1 2 0. 0. 1 2. 05 0. 1 2. 0. 05 1 0. 0. 15 5
F475W-F814W F475W-F814W F475W-F814W F475W-F814W F475W-F814W

from HST programmes led by Gallart, Cole, Weisz

HST CMDs for Galactic Globular Clusters
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Probing Different Environments
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Sculptor dwarf

- spheroidal galaxy
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An improved star formation history:

allowing mass loss to be a free parameter

narrow SF burst

models
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Alessandro Savino, in prep.

Modelling the Horizontal Branch: Sel dSph
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lL.ocal Volume

image taken from talk by Dan Weisz,
at JWST@ROE, July 2016
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RRLyrae in
Galactic Halo

Galaxies similar to
present day dSph & UFDs
have only contributed
~10-20% of the halo
stellar mass
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Low Resolution
Spectroscopy

[Fe/H] =< EWV of Call triplet lines

Starkenburg et al. 2010
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Intermediate Resolution

Spectroscopy

ScIET0121 [Fe/E]=-2.35

by "‘“/W*W“wwvw’\wwrv\[;\ }WWM\\ /MWW

SclET0173 [Fe/H]=—1.47

v\\r\ )w/\ 1/ww\, \/““\I’A W\W'wv\,\/vmm »Nw\f,/’\,ﬁ/»r

ScIET0051 [Fe/E]=-092

\{y g Wwwq V4l WW

[ cal Fel } Ball

GIRAFFE, R ~ 20k

A e P R
612 613 614 615
lambda (nm)

FLAMES DART project

Fe Mg,Si,Ti, Ca Ni, CrY, Ba, La, Nd, Eu
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Putting it altogether in Sculptor

Starkenburg et al. 201 3; Tolstoy, Hill & Tosi 2009
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Measuring the Timescale for Chemical
Evolution in Sculptor
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i SNIa start to contribute to the chemical enrichment of the Sculptor
dSph galaxy 2+ Gyr after star formation began

de Boer et al. 2012,A&A, 539,A103
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Zinc in Sculptor
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Zinc is an important element for tying
down supernovae masses and energies
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stars in the Milky Way & in dSph galaxies
appear to have fundamentally different properties

Differences between UFDs & dSph
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Salvadori et al. 2015 MNRAS, 454, 1320




The First CEMP-no star in Sculptor.
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Are there Carbon Rich Stars in dSph?
Keck/DEIMOS 400 RGB
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selection biases preclude a detailed comparison to the MW stellar halo

Kirby et al. 2015 ApJ, 801, 125

high Carbon (without s/r process enhancement)
is more prevalent for low Z halo stars and also
stars in UFDs. Not in dSph.

Massive star formation? in such small stellar
systems?
The low Ba, high [Mg/Ca] and [Co/Cr] in Hercules stars (Koch et al. 2013)
High carbon ultra-faints (Frebel & Norris 2015)
The high Eu in Rec Il stars (i et al. 2016a,b) - r-process rich system

These results suggest hish mass SNII in UFDS,
higher than for dSph

Did these stars form in a larger system that was destroyed?

e.g., Sagittarius or LMC/SMC systems?

ALSO true for Globular Clusters: O-Na and Mg-Al anti-correlations
(Gratton et al. 2001; Caretta et al. 2009)




Future instrumentation will address the current questions about
the uncertainty in the global context of star formation properties
within the Local Group:

GAIA + WEAVE, 4MOST, PFS, MOONS
distances, proper motions, large samples of HR spectra

JWST, ELT-MAORY-MICADO, ELT-HARMONI, optical AO?
allowing us to go beyond the Local Group and probe other large
galaxies (eg Sculptor, Centaurus Groups;Virgo, Fornax clusters) to
look in detail at Elliptical galaxies and also see if we can generalise
our understanding of the Milky and its environment.
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NGC 5907 credit; R. Jay Gabany




