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: :‘;,1story of the Galaxy>

i >9o% of th_@g thln dlsk (>Io Gyrs) are due to satelhte

, atccretmn eventsu

'\ \ " | 3 /”
The \thm dls colntams a s1gn1ﬁcant number of old stars
(10%-are: older than 10 Gyrs) oy, 5

Fhe (old) tl:uck dlSk is. debrls from satelhte accretion
events . R

iny -50% of spligroid stars are due to satellite accretions

How can we test these predictions?

Need high mass-resolution studies of galaxies:

covering disk, thick disk and spheroid....



How do halos form?

i Dark matier Al All stars
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(alactic Archaeology...

VISTA

WFMOS T,

HRMES CFHT - Imaka
ALMA




The Ghosts of oty
Galaxies Past

Strangely moving stars may be the remnants

&
Ly
= W

of past galaxies devoured by our Milky Way

By Rodrigo Ibata and Brad Gibson

hen you look up at the might sky, the stars
that you see all reside in our own galaxy, the
Milky Way. The nearest large galaxy wo us,
Andromeda, is more than two million light-
years away, a distance 20 times the size of the main disk of
our galaxy. With the unaided eve, vou cannot make out its
stars individually; they blend together into a faint fuzz. As
far as our galaxy is concerned, those stars migght as well in-

habit a separate universe. Conversely, it is natural to think 5
af the stars in owur sky as native suns, born and bred within _.'1"'
the confines of the Milky Way. o

But then what do vou make of Arcrurus, the second
brightest star in the northern sky? Arcturus moves in a sub-
tly different way and has a slightly different chemical com-
position from that of most stars in the Milky Way; it shares
its curious properties with a few other stellar mavericks
scattered throughout the galaxy. The origin of these and
other atypical stars has been a matter of heated debate since -
the 1960s. Did the gravity of our galaxy s spiral arms force
them into oddball orbits, or are they immigrants, formed in
regions beyond the Milky Way from material that was nev-
er part of it?

By applying sophisticated forensic techniques akin o
those employed chewhere in the sciences, astromomers have
discovered in recent years that the answer is yes, Some ga-
lactic matives were indeed bom in or pushed into peculiar
orbits, but a surprisingly large number of the anomalics, in-
cluding Arcturus, are genuing immigrants, A better meta-
phor than “immigrants™ might be “kidnap victims®™ or

“subject peoples,” because astronomers think these stars . : ; THEY GAVE THEIR LIVES TO BUILD THE )
were born inte smaller galaxies that the Milky Way then - AT ot ﬂllhlll:‘M Irﬂ: rlpp;::lp;:rqh
captured, plundered and assimilated. Over time our galaxy " } » Rl L.r WIRSEME OF RINE LREL S ot
may have vanquished hundreds of its neighbors, Their for- iy " it e e b

§ dwal guluxy, creatiseg & s1nsam [ehe »
mer inhabitants mow intermingle with the Milky Way's na- mplﬂﬂutrwu:ﬂu eanirad dish
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- Stochastic nature of formation
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simulations from:
Renda et al. (2005)
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Future instruments and missions
.;*,*" T

What are we trying to accomplish?

@ We aim to identify the stars that formed in separate proto-galaxies, and
determine when they were formed and when they were incorporated. |
This seems straightforward, but we need to measure positions, distances |
and 3-D velocities for vast numbers of stars.

@With the stars formed in-situ, e.g. in the disk, we aim to identify groups
of common origin, formed out of separate star-forming regions. Since
much of the dynamical information is lost, due to scattering, the way
forward appears to be through chemical “fingerprinting” of stars.
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,_?Some upcémmg 1nstruments...

TARRS VISTA, VST S
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L% VLT Survey Telescope (VST)
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Survey

Area
(deg?)

Filters and Depth (mag

(100, AB)

KIDS

1500

u'=24.8
r'=25.2

g'=25.4
'=24.2

ATLAS

4500

u'=22.0
'=22.2
z'=20.5

g'=22.2
'=21.3

VPHAS+

1800

u'=21.8
Ha=21.6
'=21.8

g'=22.5
('=22.5




VISTA

(first light 2008)

VIKING

Survey 222?) di/;\tlh depth
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launch 2011
-1 billion stars surveyed to V-20
astrometric accuracy: 15uas at V=15

velocities for 108 stars (2-1okm/s) to V=17 8

- ~10% accuracy parallaxes to 1okpc

D © © © ©
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**Q launch in 2015+

f 'rometﬂc 4ccur%&y Ipas

2 (z0.7mm on Moon'ﬂ)

| @ global accuracy limit: 4pas

T stream prime target




TWST

@ 6.5m aperture

“ ;@X 2.2’ x 2.2’ field

_f .1th WFPC2, Anderson & King 2002 have shown
A3 wL o 002pix limiting systematlc error in centroiding.

ST ﬁfxel_sc.aile 32mas so may be able to go
2ép with ~1ouas/yr in 10yrs baseline
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WEMOS . B

Abundance patterns of the three studied clusters. Thc H}'adﬁs is shown by red circles, Cr 261 is shown by green squares,
§ and the HR 1614 moving group is shown by blue triangles. The three clusters have their own abundance patterns.
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What can we expect? \

& Can stars reveal both the T J. Bullock
dark matter properties LY Ny |
and the galaxy formation SEEZS
process? _»

Q Quite likely. In the y Rl

, We are obtaining
billions of spatial, |
dynamical, and chemical [SH—-.
measurements!

- & Wiill also need to

S

L o

undertake dynamical and
chemodynamical
simulations to sufficient
resolution to interpret
these observations... not
easy!
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