Near-field cosmology:
now and in the
Gaia era

Lennart recently gave a |
talk about Gaia - this talk Sofia Feltzing
will put the achievements

of Gaia into a wider
context of contemporary
astrophysics
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Island Universes

® Rene Descartes, 1636
® -mmanuel Kant, | /55

® latness Is because they rotate
® |ohann Lambert, | /61

® [hese were purely theoretical cosmologies
that lacked observational confirmation
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Observational progress
Early 1900’s

® [he universe grows — not only the Milky
VWay

® Harlow Shapley moves the Sun to the
outskirts of the Milky Way

® Henrietta Lewitt finds the cepheid P-L
relation

® Fdwin Hubble finds that the universe
expands
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Galaxy formation

® (balaxy formation Is believed to be initiated by
cold dark matter (CDM)

® Simulations suggest that galaxies grow through a
sequence of Iinfall events

® Most accreted objects are so small nothing
happens

® (Others create mild perturbations

® A handful of events involve an object that causes a
major convulsion
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z=11.9
800 x 600 physical kpc

Diemand, Kuhlen, Madau 2006
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rme | Merger tree
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v Final galaxy/halo

Credit: Marta Volonteri, Milky Way sized galaxy
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Ultra deep, wide field imaging of eight isolated spirals in the Local Volume. Small robotic telescopes (D = :
. ..~ - 0.1-0.5 m). Surface brightness sensitivity (Mlim(V) ~ 28.5 mag arcsec?). FoVs ~10-30 x ~10-30 arcmin.
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® Observations of high-redshift objects allows us
to see galaxies forming. There are two limitations

(1) the observed objects are faint and subtenc
small angles on the sky, hard to get detailec

information

(1hard to relate a given object at high redshift to
the objects we study nearby

® [he aim of near-field cosmology Is to answer
some of these questions by studying nearby
oalaxies, especially our own, for archaeological
evidence of their history
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Stars tell us about the past

Stars record the past In two ways

® |n their ages and elemental abundances

® N thelr orbits

® Provide observational constraints that any

mode

of galaxy formation must fulfill

® \We work with the Milky Way as this Is the
oalaxy that can be studied in most detall
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Field of streams

Near
Far

Dec (ca 0-60°)

% ‘ti!.“-s’ il E
LIV g'{@;'fﬁ?," —
RA (ca 240-110°)

This SDSS map shows the richness of
structure present in the Milky Way halo

Vasily Belokurov
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The Monoceros Ring,
new dSph-Galaxies and other oddities
In and around the Milky Way

The Monoceros ng Silke Maser
What IS It? ' milky-way@gmx.de

® A proposed ring of stars
surrounding cur Mitky Way

The Canis Major Dwarf Galaxy

galaxy
® Wraps around the galactic The Canis Major dwarf
disk at distances belween galaxy, discovered in

14 and 21 kpc from the
galaclic centre, suggesting
that the ring is maybe

2003, is an ireguiar
galaxy and is momen-
tarily the closest known
other galaxy to our

wrapped around the Milky . :
Way several limes (Conn !owc:;nog a%"g’::;
et al. 2007) 7.7 kpc away from cur

® 3.6e8 - 9e9 (Yanny et al.
2003) or 2e7 - 1e9 (Ibata
et al. 2003) slars

® 2.7e7 - 5e8 (Yanny et al.
2003) solar masses

® Slars are very dispersed
(Ibata et al. 2003)

sun.

it is a satellite gataxy
orbiting the Mitky Way.

The Canis Maor dwart galaxy below the u.u, Way disk Due to the gravitational
htipJiastro ustrasbg frimages_riimagel bsg_nocap.jpg

forces exerted by

® Stars are bluer than those the Mifky Way (and
in the Mitky Way's thick its dark matlter halo)
. o it is slowly pulled
disk and have fower initial apart
melallicity. (Yanny et al. '
2003) www.solstation.com/x-objects/gal-ring.ntm Itis probably the
progenitor of the
H 't d H d 9 Monoceros ring,
oW was | Iscoveredaq : which is thought (o
® 2003: Two teams of astronomers - Yanni el al. (2003) and Ibata et al. (2003) - first announced the be the fé"""’.” of
discovery of a vast ring of stars, which they had found via an overdensily of colour selected F-stars, ":4""3 teb;rs h003) e ot e conie Majer G4t gaissy P red) weapped
around the Milky Way gataxy. Combined, the two teams had found patches of stars spanning about (Martin et a ) e ey atn,_rifaiagetaun_big_neton e

one-sixth of the Mitky Way's circumference.

® 2004 - 2007: Subsequent surveys exlended the detections of the ring. Evidences of the ring were
found an both sides of the galactic plane at distances lo the galaclic centre varying from 14 to 21 kpc.
Combined with non-detections of the ring in other fieids this suggesis a very complex structure.
{Conn et al. 2005, Conn et al. 2007)
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Dark matter halo

How stars move in the

Halo stars move
on eccentric orbifts
— flufty spherof

ilky VVay

Galactic centre

Stellar disk(s) — circular
""""" TW Jotion mainly in a plane

Galactic bulge —
compact spneroid

The sun
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Dark matter halo

How stars move in the‘Milky VVay

Halo stars move
on eccentric orbf

Galactic centre

Stellar disk(s) — circular
Qtion mainly in a plane

Galactic bulge —
compact spneroid

The sun
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Dark matter halo

How stars move in tp

Halo stam( POve
n e& t (C Orbf

flufty spheyold
(8

Galactic centre

r/ v
\\\ / lar(gj;sk(s) — circular
~ e ’u@ inly in a plane
Galactic bulge — A& = 4
~ & T .
compact sphem@ A ) o=y \\

Yo

he sun
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Dark matter halo

How stars move in tp
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We can me# hickdifsk and halo locally as the
stars move(past the sun
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Abu ndanCGS Measure line-strengths

and turn into elemental

abundances

l | 1 1 l 1 1 l L L 1
-1.2 -1 -08-06-04-02 0 02 04
[Fe/H]

Observe at the

Select stars
telescope
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Bensby et al. 2010, in prep.
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.20 Age D < 50 pc
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D < 50 pc
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Thick disk scenarios

Monolithic collapse
“Putt up”

Accretion and disruption of satellites

Disk heating by a minor merger
Radial migration via resonant scattering
In-situ formation during/after a gas-rich merger

Gas-rich, turbulent, clumpy disk formation at high z
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Dwarfs vs Giants

® (|assica
by syste

observed a

real.
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Pace et al. 2010



Locally we see tight trends, whilst as a function of
distance we do not know what Is going on, especially
in the old stellar populatons

ﬁ

However, we can not efficiently select dwartf stars
from other stars
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Gaia
® Gala will be the first survey that will provide
6D phase space (r; v) information together
with photometry for very large, magnitude-

imrted samples of stars (in total a billion
objects)
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Gaia
® Gala will be the first survey that will provide
6D phase space (r; v) information together
with photometry for very large, magnitude-

imrted samples of stars (in total a billion
objects)

A few examples of Its Impact on near-field cosmology,
however, Gaia will have profound impact also in fields
such as
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Gaia
® Gala will be the first survey that will provide
6D phase space (r; v) information together
with photometry for very large, magnitude-

imrted samples of stars (in total a billion
objects)

A few examples of Its Impact on near-field cosmology,
however, Gaia will have profound impact also in fields
such as

stellar astrophysics, exoplanets (~10%), solar system,
oeneral relativity
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® Distances + magnitudes and colours + kinematics
* spatially and kinematically resolved distributions

(luminosr

'y, ages, metallicrty)

* history o
* chemical

- star formation
enrichment history

® Number density and kinematics of tracer stars
* mapping the galactic potential (non-axisymmetric)
* distribution of (dark) matter

* disk dyna

mics (bar, spirals)

® Phase space (or E, L) structures in halo
* history of galactic mergers
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® Distances + magnitudes and colours + kinematics

* spatially and kit

(luminosr

iematically resolved distributions
ylages)metallicity)

* history o
* chemical

star formation
enrichment history

® Number density and kinematics of tracer stars
* mapping the galactic potential (non-axisymmetric)
* distribution of (dark) matter

*{disk dyna
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Disk dynamics
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Bar and spiral arms
included in the model
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Galactic mergers

o - a Original data OIS
7 : Hipparcos
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Galactic mergers
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... but some things will
still need an E-ELT

® [urn-off stars In the Bulge are inherently faint
withV around |8-19

® [or so faint stars we can not obtain spectra
of sufficient S/N and R to do a detaliled
abundance analysis



Hence the bulge is
studied with glants
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Potential problems

® (ertain abundance signatures are erased

® \/\e 3
evolu

e unce
lonary

metal

icrties (°

the Bulge)
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~tain about the stellar
baths at the very highest

these are likely to be present In



Micro lensing events helps
us to study the Bulge

® Micro-lensing events give unique opportunities to
obtain spectra of these stars

® OGLE & MOA

® \We have 22 events resulting in high-res, high S/N
data (Bensby et al 2010, and 201 | in prep.)

While we wait for the E-ELT
we have to be smart
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Bulge with dwarfs
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—1.2 —0.8 —-0.4 0 0.4
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Bensby et al. 2010 in prep.
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