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Near Field Cosmology

Hubble Deep Field

Oldest Stars
in Our Galaxy

Pink Floyd’s first album

Tolstoy et al, 2009
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Galactic Dwarf Satellites
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What this talk 
is about

•Segue 1
•Segue II
•Willman I
•Bootes II
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Alleviating Theory vs. 
Observation Mismatch

tip

iceberg

Koposov et al, 2008 Tollerud et al, 2008

surface brightness cut
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Luminosity Function of 
Galactic Satellites

Benson et al, 2002
Somerville et al, 2002

Koposov et al, 2008

Rashkov et al, 2012
Boylan-Kolchin et al, 2011
Font et al, 2011
Cooper et al, 2010
Maccio & Fontanot, 2010
Li et al, 2010
Maccio et al, 2010
Busha et al, 2010
Tumlinson, 2010
Koposov et al, 2009
Bovill & Ricotti, 2009

• star formation in the early Universe
•epoch of reionisation
• accretion history of the MW
• coldness of dark matter
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Kinematics of Stellar 
Tracers

Simon and Geha, 2007

Simon et al, 2011
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Kinematics, Mass and 
Density

Strigari et al, 2008

Walker et al, 2009

Common Mass Scale Common Mass Profile

Q =
ρ

σ3
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Chemistry

Kirby et al, 2011Norris et al, 2010
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A Word of Caution: 
“Evolution” of Boötes I

2006 2011
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Munoz et al, 2006

Koposov et al, 2011
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Norris et al, 2010

Norris et al, 2010
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Ultra Mega Faints and the 
Stellar Halo Substructure

Segue 1

Willman 1

Boo I1
Segue 2
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SDSS Stellar Spectra
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Willman 1
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Segue 2

Density profile

Kinematics

= log g  or [Fe/H]

Red Giants MSTO

BHB

Belokurov et al, 2009
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Stream Around Segue 2

Giants

Dwarfs

Monoceros
or new stream
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Segue 1

Segue 1

Niederste-Ostholt et al, 2009

Sgr leading tail

Sgr trailing tail
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“300 km/s” Stream

Simon et al, 2011 M. Irwin



Vasily Belokurov ● Institute of Astronomy, Cambridge

Kinematic Evidence of a 
Stream Nearby

Newberg et al, 2010

Orbit of the Orphan Stream
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Kinematic Connection 
Between Orphan & Segue 1
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Summary of 
Observations

All four faintest satellites appear either tidally stirred/disrupting 
(Willman 1) or living inside (in the vicinity) of 

larger stellar streams (Segue 1, Segue 2, Boo II).
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Deason et al, 2011
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Conclusions
Optimist: Milky Way stellar halo is all substructure, and so 
chance co-occurrences of streams and satellites are highly 

probable
or

Pessimist: maybe the faintest objects and the neighbouring 
streams are associated, and hence the nature of these satellites 

is less certain

Mildly Pessimistic    Unpleasant     Too Bad

Possible Scenarios
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Conclusions
Mildly Pessimistic Scenario: the faintest objects are 

surviving satellites of bigger dwarfs which have been destroyed 

remnants of accretion
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Conclusions

Unpleasant Scenario: spectroscopic samples are polluted 
and we might have to revise out estimates of dark matter 

content and/or their metallicity distributions
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Conclusions
Too Bad: these are star clusters and have zero DM

Gieles et al, 2010, 2012

Star clusters in isolation
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Conclusions

red dots

blue dots

Mackey et al, 2011
Huxor et al, 2005, 2011
Collins et al, 2009

Like Palomar star clusters 
but much brighter
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Speculation
Too Bad, but we might still learn something about dwarfs!

Gieles et al, 2010, 2012
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Speculation
Too Bad, but we might still learn something about dwarfs!

Gieles et al, 2010, 2012

Cusped hosts

Cored hosts
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What Is a Galaxy?

QI, Episode 7 "Incomprehensible", 21 Oct 2011

“We stumble now into the gaping moor of general ignorance”


