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The Milky Way In context

Deconstructing Galaxies: Structure and ESO Santiago, Chile
Morphology in the era of Large Surveys 18-22 November, 2013
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LG and M81 group — comparison

These have by far the most complete multiband inventories down to 108 M,

The M81 group appears to be “younger” than the Local Group from its total gas
content and its weaker gas deficiency profile.

THE EPOCH OF ASSEMBLY OF TWO GALAXY GROUPS: A COMPARATIVE STUDY

MATTHEW NICHOLS'* AND Joss BLAND-HAWTHORN?
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1290 Versoix, Switzerland; matthew.nichols@epfl.ch
2 Sydney Institute for Astronomy, School of Physics, The University of Sydney, NSW 2006, Australia
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ABSTRACT

Nearby galaxy groups of comparable mass to the Local Group show global variations that reflect differences in their
evolutionary history. Satellite galaxies in groups have higher levels of gas deficiency as the distance to their host
decreases. The well established gas-deficiency profile of the Local Group reflects an epoch of assembly starting at
z < 10. We investigate whether this gas-deficiency profile can be used to determine the epoch of assembly for other
nearby groups. We choose the M81 group as this has the most complete inventory, both in terms of membership and
multi-wavelength observations. We expand our earlier evolutionary model of satellite dwarf galaxies to not only
confirm this result for the Local Group but also show that the more gas-rich M81 group is likely to have assembled
at a later time (z < 1-3) than the Local Group.



ef the
ROYAL ASTRONOMICAL SOCIETY

Mon. Not. R. Astron. Soc. 424, 1448-1453

Galaxy And Mass A
Magellanic Cloud a1

How common are M\W-

MW+LMC
MW+LMCH+SMC
MW+ LMC+SMC, all

The image that follows

N

.

-417.9 Km/s




Milky Way and M3 | are galaxies in
transition — “‘green valley”

Deconstructing Galaxies: Structure and ESO Santiago, Chile
Morphology in the era of Large Surveys 18-22 November, 2013



M31 and Milky Way — comparison

Milky Way total mass (<300 kpc) ~ 1.1 x 10" M, (Kafle+ 2013), f, ~ 4% (7% < 200 kpc)
M31 more massive ~ 1.4 x 10" M, (Watkins+ 2010; Corbelli+ 2010), f, ~ 12%

Milky Way thick disk ~ 5 x 10° M, (Arnadottir+ 2010), h ~ 1 |
M31 thick disk ~ 3 x 10'0 M, (Collins+ 2011), h ~ 3 kpc, [Fe/

SBb(rs)

Milky Way has central bar, small bulge (1.0 x 10" M) form:
M31 has huge box/bar bulge (5 x 10" M, ?) formed by majo

Milky Way black hole ~ 4.4 x 10° M, (active 2 Myr ago)
M31 black hole ~ 1.7 x 10% M, (quiet; double nucleus)

M31 dwarfs structurally different from Milky Way dwarfs

M31 and Milky Way converging, will collide in ~ 4 Gyr to forr
NGC 3992

Bland-Hawthorn






M31/MW black hole mass
ratio consistent with a rapid
dependence on bulge mass

(e.g. Scott+ 2013)
This may not be physically

meaningful given the different
origins of the bulges.

Bland-Hawthorn
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Figure 3. Supermassive black hole mass vs. spheroid stellar mass
for core-Sérsic (open red symbols) and Sérsic (filled blue symbols)
galaxies. The best-fitting linear relations to the two samples are,
given by Eqns. and shown as the solid lines. For compar-
ison, the best-fitting linear regression for the full sample is shown
as the dashed line and is dependent on the sample selection. A
representative error bar is shown in the upper left corner.



Mllky Way mass budget

- Total mass in dark matter: oy 1~ 1 X 1012 M

-

Expected total baryon'mass;

-

. Observed baryon mass:

"Missing’ baryons; SR 2% 10,

f, ~ A% rises t0.7% lf we m’regra’re ho’r halo to ZOO kpc
(assumes Fe/H=-1 for‘ halo gas! Miller & Bregman 2013)
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Thin disk . BBGyr . 5.0x10°M, - .
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.

6.7 x 1010 M,

50% of stellar content is in placé by z~1
"(We see this throughout the Local G'rioup)
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list of values from the literature. References are given above the Figure. When a study gives a
range of values, the extremes are plotted and connected with a dotted line.



MW Stellar Halo
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Near-field cosmology

We can consider the Galaxy as our “universe” and probe
back to shortly after the Big Bang.

Deconstructing Galaxies: Structure and ESO Santiago, Chile
Morphology in the era of Large Surveys 18-22 November, 2013



Half of all stars inthe 7 1
Galaxy (and the Local 7| (/ ]
Group) were formed
before L~ 1 0.29——10.54 ] 1.84e+12
The oldest components T \} -
are the halo, bulge and T 1
thick disk (z~2-4). s T ¢ j} 1
We struggle to identify : m 1 :
the counterparts in the T s ]
Hubble Deep Field. | :m M f
AL
Decq o002 M HI l'ﬂ ESO Sangiago, Chile
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All cosmologies have fundamental parameters
The only thing known with high certainty is the proper motion of Sgr A*

(Vc'

Irc

+V, /R, = 30.24 +/- 0.11 km s kpc

Sun

(Reid & Brunthaler 2004; McMillan & Binney 2010)
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NGC 3992

The best analogue
of the Galaxy

V..

sirc Allows us to get ~bolometric quantities

like total magnitude through the TF relation.

Mutch, Croton & Poole 2013
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Big surveys in the near field

Deconstructing Galaxies: Structure and ESO Santiago, Chile
Morphology in the era of Large Surveys 18-22 November, 2013



Table 2. Wide Field Photometric Surveys Past and Future

Survey Hemisphere Filters Magnitude Limit Area Dates
2MASS north & south J, H, K, 15.8, 15.1, 14.3 41,253 deg? 1997-2001
SDSS I/II/III north U, G, Ty 1, 2 22.0, 22.2, 22.2, 21.3, 20.5 10,400 deg® 2000-2009
Dark E S south s Ty Ty 24 .
ark “nergy Survey sout $nnE Table 3. Current and Future Spectroscopic Surveys of the Galaxy
SkyMapper south u,v,g,7,%, 2 22.9, 22.
Survey R Stars Wavelength Dates
Pan-STARRS north g,Tyi, 2,y 24
— I e orig 2 LAMOST-LR 2000 5,000,000  370-900 nm  2009-2015
SEGUE 2000 240,000 480-920 nm 2004-2009
RAVE 7500 1,000,000 840-875 nm 2003-2011
LAMOST-MR 10,000 100,000 2009-2015
Table 1. Current and Future As AAOmega 10,000 50,000 370-950 nm  2006-
G Gaia 11,500 100,000,000 847-874 nm 2015-2020
atalogt Accuracy
USNO B1.0 200 mas APOGEE 30,000 100,000 1520-1690 nm 2011-2014
bt 60 mas HERMES 30,000 1,200,000 370-950 nm  2011-2012
UCAC2 20-70 mas
P STARRS PP WINERED 100,000 1,000,000 900-1300 nm TBD
LSST 3 mas
Hipparcos 1 mas V ~ 12 117,955
HST+WFPC2/STIS/ACS/WFC3 1 mas V ~ 24 pointed instrument
J-MAPS 1 mas V ~ 15 40 million
WIYN ODI 0.6 mas I~ 22 pointed instrument
HST/FGS 0.2 mas V ~ 17 pointed instrument
JASMINE 0.010 mas z~ 14 100 million
VLBA 0.010 mas ~200 mJyi pointed instrument
Gaia 0.020 mas V ~ 15 1 billion
Deconstructir SIM-Lite (wide angle mode) 0.004 mas V ~ 20 pointed instrument (~10,000 sources lifetime)

ESO Santiago, Chile
18-22 November, 2013

tGround-based facilities in italics. fDepth depends on frequency observed.

Morphology i
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Most of stellar astrophysics is based on local samples

Dark Matter Halo

Extent of Survey
around the Sun

Milky Way




What near-field studies must learn from the far field

Far-field cosmologists have a "concordance model" for cleaning and comparing
redshift surveys (W(a,d); completeness; sampling; bias...)

To test a hypothesis, we must understand: - ﬂ @

1. Our selection function
2. Consequences of our selection function
3. Uncertainties from statistical realizations

In the near field, there is no consistent Galactic
framework for comparing surveys, so how do we test
any hypothesis? °' e | e

— — M — ALL
.85 1 0 1 1 L L 085 1 L L 1
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m aoe
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A% x 10" apht ]

Fu. 10.—Joint two-dimensional masginalized contours (68% and 9% confidence levels) for varions combination of parameters for WAAP only (50 Bd Bmer ) and
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WMAP + 2dFGRS + SDSS + ACBAR + BOOMERANG + CHI + VSA + SNHST/GOODS) + SNENLS) {fillad rad comours) for the powerdow ACDM modd. '
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GALAXIA: A CODE TO GENERATE A SYNTHETIC SURVEY OF THE MILKY WAY

SANJIB SHARMA', Joss BLAND-HAWTHORN!#4, KATHRYN V. JOHNSTON?, AND JAMES BINNEY
! Sydney Institute for Astronomy, School of Physics, University of Sydney, NSW 2006, Australia
_ 2 Department of Astronomy, Columbia University, New York, NY 10027, USA
3 Rudolf Peierls Centre for Theoretical Physics, 1 Keble Rd, Oxford OX1 3NP, UK
Received 2010 September 16; accepted 2011 January 12; published 2011 February 23

ABSTRACT

We present here a fast code for creating a synthetic survey of the Milky Way. Given one or more color—magnitude
bounds, a survey size, and geometry, the code returns a catalog of stars in accordance with a given model of
the Milky Way. The model can be specified by a set of density distributions or as an N-body realization. We
provide fast and efficient algorithms for sampling both types of models. As compared to earlier sampling schemes
which generate stars at specified locations along a line of sight, our scheme can generate a continuous and smooth
distribution of stars over any given volume. The code is quite general and flexible and can accept input in the form
of a star formation rate, age—metallicity relation, age—velocity-dispersion relation, and analytic density distribution
functions. Theoretical isochrones are then used to generate a catalog of stars, and support is available for a wide
range of photometric bands. As a concrete example, we implement the Besancon Milky Way model for the disk.
For the stellar halo we employ the simulated stellar halo N-body models of Bullock & Johnston. In order to sample
N-body models, we present a scheme that disperses the stars spawned by an N-body particle, in such a way that the
phase-space density of the spawned stars is consistent with that of the N-body particles. The code is ideally suited
to generating synthetic data sets that mimic near future wide area surveys such as GAIA, LSST, and HERMES. As
an application we study the prospect of identifying structures in the stellar halo with a simulated GAIA survey. We
plan to make the code publicly available.

Key words: Galaxy: stellar content — Galaxy: structure — methods: data analysis — methods: numerical
Online-only material: color figures

A publicly available fast code: http.//galaxia.sourceforge.net
This is the basis for the RAVE & HERMES surveys.
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A fundamental limitation of Galactic studies are accurate stellar
ages for individual stars, one of the great unsolved problems of
astrophysics.

Gaia or asteroseismology may ultimately get us to within 10-30%
errors for solar-type stars.

How can we proceed?

Deconstructing Galaxies: Structure and ESO Santiago, Chile
Morphology in the era of Large Surveys 18-22 November, 2013



Cosmic chemistry - the ultimate puzzle
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KITT PEAK SOLAR FLUX ATLAS  (KURUCIZ, FURENLID, BRAULT. AND TESTERMAN 1984) %%
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Can we detect specific signatures of the first
stellar generations today?

We don’t know yet since our “first star” models produce chemical signatures that
we can't easily relate to the most metal poor stars (in our Galaxy) or to the most
metal poor clouds at the highest redshifts.

Are we looking in the wrong place?

Faint dwarf

B

Globular cluster;

These are a puzzle.
| ; L _ - il [Fe/H] = -1.5 but many
MG Telsscope . 8, 0 | e are >12 Gyr old!

June 23 & 25, 2004

Metal poor star, [Fe/H] < -5




Most metal-poor star CS 22892-052

There is a subtle clue here that the star is indeed
extremely old. Can you spot it?
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HERMES @ AAT (first light 2013B)

First of a new generation of Galactic Archaeology
machines (e.g. Gaia, 4MOST)

$10M investment up front: 400 fibres over 2° field

New $12M 4-arm spectrograph, R=28000,
1000A in 4 bands across bvri

Team of about 40 (~Australian) astronomers

Will measure 30 chemical elements in 1-2 million
stars over the next 5-10 yrs

.........
. : :
llllllll
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Thick disk: ° o . Thick (> 10 Gyr)
Nice example of N . . N
where age and g ° —
chemistry are TS
Intimately coupled o
~| Thin (<10 Gyn
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Summary

* The Galaxy will always be the essential underpinning to
astrophysics because of its proximity:

— Chemistry of the First Stars

— Stellar astrophysics, ages

— Star formation, molecular astrophysics
— Black hole evolution

— Feedback & accretion processes

— Secular processes

Deconstructing Galaxies: Structure and ESO Santiago, Chile
Morphology in the era of Large Surveys 18-22 November, 2013



Oy =234+ 13 kms L. (A

Traditionally, one invokes the Oort model to infer the circular speed, but Olling & Dehnen (2003) find that the current best res
depends substantially on the stellar populations used in the analysis.

The circular velocity yields an estimate of the optical luminosity of the Milky Way via the Tully-Fisher relation. To convert
optically measured maximum rotation velocity Vi, to the 20% line width of H 1 measurements W>, we use the relation

Wao/2 = (0.93 £ 0.02)V;0r +27 £ 1.5 km s, (A

derived from the data given by Mathewson & Ford (1996). From the Galactic rotation curve from H 1 and CO terminal velocit
(using Fig. 9.17 of Binney & Merrifield 1998), we estimate that the maximum rotation velocity of the Milky Way is Viax
1.030p =241 + 13 km s~ L. Identifying Viax = Vier, we find

Wayo(MW) = 502 + 30 km s~ . (A

From the COBE DIRBE integrated light for the Milky Way in the near infrared (J, K, L) wavelength bands, Malhotra et al. (19¢
showed that the Milky Way is on the standard Tully-Fisher relation in these wavelength bands, slightly on the brighter side 1
within the dispersion around the relation. Assuming that the Milky Way has the standard color of spiral galaxies, we may expect t
the luminosity in the B band also satisfies the Tully-Fisher relation for the B band. Using the Sakai et al. (2000) local calibratic

Mp: = —19.80 — 7.97(log Wag — 2.5), (A
we find
LBc(MW) — 1010.74:‘:0.19 L@: (A

where we use B, = 5.46 and the error is dominated by the intrinsic dispersion (0.43 mag) of the B-band Tully-Fisher relation. T
superscript ¢ stands for extinction-free quantities.

An altemative estimate of the B-band luminosity uses the color transformation applied to the DIRBE integrated K-band lur
nosity of the Milky Way. A comparison of the samples of Malhotra et al. (1996) and Sakai et al. (2000) indicates B} — K*
2.84 £ 0.10 for typical Sbc galaxies. Thus, K (MW) = —23.95 £ 0.25 yields B = —21.1 £ 0.3, or

Combining the two, our recommended value is

Lec(MW) = (4.6 + 1.4)x10'° L. (A



