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The Milky Way in context	
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A still taken from: 
vimeo.com/66641648 

Cosmicflows-2 
Tully+ 2008 ff 

Local Sheet 

Local Void 

Group concentrations 
are the norm, often 
dominated by a pair of 
≥ L★ galaxies.  
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Dynamical group in transition  
where major mergers have 
occurred in the past 



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 image that follows is the best LG analogue to date. 

How common are MW-MC assemblies? 

Robotham et al 2012 

MW+LMC 	

 	

 	

11.9%	


MW+LMC+SMC	

 	

 	

3.4%	


MW+LMC+SMC, all SF 	

 	

0.4% (2.7σ)	
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Milky Way and M31 are galaxies in 
transition – “green valley”	





M31 and Milky Way – comparison 
  Milky Way total mass (<300 kpc) ~ 1.1 x 1012 M (Kafle+ 2013), fb ~ 4% (7% < 200 kpc) 
  M31 more massive ~ 1.4 x 1012 M (Watkins+ 2010; Corbelli+ 2010), fb ~ 12% 
 
  Milky Way thick disk ~ 5 x 109 M (Arnadottir+ 2010), h ~ 1 kpc, [Fe/H] ~ -1 
  M31 thick disk ~ 3 x 1010 M (Collins+ 2011), h ~ 3 kpc, [Fe/H] ~ -1 
 
  Milky Way has central bar, small bulge (1.0 x 1010 M) formed by bar 
  M31 has huge box/bar bulge (5 x 1010 M ?) formed by major merger 
 
  Milky Way black hole ~ 4.4 x 106 M (active 2 Myr ago) 
  M31 black hole ~ 1.7 x 108 M (quiet; double nucleus) 
 
  M31 dwarfs structurally different from Milky Way dwarfs 
  M31 and Milky Way converging, will collide in ~ 4 Gyr to form a massive spheroid ? 

Bland-Hawthorn 
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M31 Bulge	



double nucleus  
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★ 

★ MW 

M31 

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. 



Milky Way mass budget 
Total mass in dark matter:    1.1 x 1012 M 

(RAVE; SDSS) 

 

Expected total baryon mass:    1.9 x 1011 M "

(0.17 CMB) 

 

Observed baryon mass:    7 x 1010 M "

(Flynn et al 2006) 

 

"Missing" baryons:    1.2 x 1011 M 

fb ~ 4% rises to 7% if we integrate hot halo to 200 kpc 
(assumes Fe/H=-1 for halo gas; Miller & Bregman 2013) 



Milky Way baryon breakdown 

Thin disk   0-10 Gyr  5.0 x 1010 M   

(Old thin disk)   6-10 Gyr  (2.0 x 1010 M) 

Thick disk   >10 Gyr  0.5 x 1010 M"

Bulge    >10 Gyr  1.0 x 1010 M"

Halo    >10 Gyr  0.2 x 1010 M"

 

TOTAL      6.7 x 1010 M 

50% of stellar content is in place by z~1 
(We see this throughout the Local Group) 



Total mass of thick disk ~ constant 

MW Thick Disk	





Rotational velocity of nearby stars relative to the Sun vs [m/H]   
(V = -232 km/s corresponds to zero angular momentum)	



rapidly	


rotating	


disk &	



thick disk	



slowly	


rotating 	



halo	

 |Zmax| < 2 kpc	



(Carney et al 1990)	



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. 
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Half of all stars in the  
Galaxy (and the Local 
Group) were formed 
before z ~ 1  

The oldest components 
are the halo, bulge and 
thick disk (z~2-4). 
 
We struggle to identify 
the counterparts in the 
Hubble Deep Field. 
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All cosmologies have fundamental parameters 

The only thing known with high certainty is the proper motion of Sgr A* 
 
     (Vcirc+Vsun)/Rsun = 30.24 +/- 0.11 km s-1 kpc 
 
(Reid & Brunthaler 2004; McMillan & Binney 2010) 

 
Rsun = 7.5-8.0 kpc  
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The best analogue  
of the Galaxy 

Vcirc allows us to get ~bolometric quantities 
like total magnitude through the TF relation. 

Red sequence 

Green valley 

Blue cloud 
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Big surveys in the near field	
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Nanjing 2013 

Launch date: one month 
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Most of stellar astrophysics is based on local samples  
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What near-field studies must learn from the far field  
Far-field cosmologists have a "concordance model" for cleaning and comparing 
redshift surveys (W(α,δ); completeness; sampling; bias…) 

To test a hypothesis, we must understand: 
 
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? 
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A publicly available fast code: http://galaxia.sourceforge.net 
This is the basis for the RAVE & HERMES surveys. 
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RAVE-SHU 

RAVE volume 
big enough to 
fit for Vcirc  

Note impact  
of “extra prior” 
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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? 
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Bland-Hawthorn 

Cosmic chemistry – the ultimate puzzle 
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Bland-Hawthorn 

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? 

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

Faint dwarf 

Globular cluster: 
 
These are a puzzle. 
[Fe/H] = -1.5 but many 
are >12 Gyr old! 
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Most metal-poor star CS 22892-052 

There is a subtle clue here that the star is indeed 
extremely old. Can you spot it? 

[Fe/H] < -5 
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First of a new generation of Galactic Archaeology 
machines (e.g. Gaia, 4MOST) 
 
$10M investment up front: 400 fibres over 2o 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 
 

HERMES @ AAT (first light 2013B) 
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Nanjing 2013	
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Nanjing 2013 

Thick disk: 
 
Nice example of 
where age and 
chemistry are 
intimately coupled 
 
 

Thick (> 10 Gyr) 

Thin (< 10 Gyr) 
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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	






