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Alleviating Theory vs.
Observation Mismatch
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Kinematics of Stellar
Tracers

Simon and Geha, 2007
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Kinematics, Mass and
Density

Common Mass Scale Common Mass Profile
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“Evolution” of Bootes I
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WILLMAN 1—A PROBABLE DWARF GALAXY WITH AN IRREGULAR KINEMATIC DISTRIBUTION
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ABSTRACT

We investigate the kinematic properties and stellar population of the Galactic satellite Willman 1 (Wil 1) by
combining Keck/DEIMOS spectroscopy with Kitt Peak National Observatory mosaic camera imaging. Wil 1, also
known as SDSS J1049+5103, is a nearby, ultra-low luminosity Milky Way companion. This object lies in a region of
size—-luminosity space (My ~ —2 mag, d ~ 38 kpc, nar ~ 20 pc) also occupied by the Galactic satellites Bootes 11
and Segue 1 and 2, but no other known old stellar system. We use kinematic and color-magnitude criteria to identify
45 stars as possible members of Wil 1. With a systemic velocity of vpei = —12.8 & 1.0 km s~', Wil 1 stars have
velocities similar to those of foreground Milky Way stars. Informed by Monte Carlo simulations, we identify 5 of
the 45 candidate member stars as likely foreground contaminants, with a small number possibly remaining at faint
apparent magnitudes. These contaminants could have mimicked a large velocity dispersion and abundance spread in
previous work. The significant spread in the [Fe /H] of the highly likely Wil 1 red giant branch members ([Fe/H|] =
—1.73 £ 0.12 and —2.65 =+ 0.12) supports the scenario that Wil 1 is an ultra-low luminosity dwarf galaxy, or the
remnants thereof, rather than a star cluster. However, Wil 1’s innermost stars move with radial velocities offset by
8 km s~! from its outer stars and have a velocity dispersion consistent with 0 km s™!, suggesting that Wil 1 may not
be in dynamical equilibrium. The combination of the foreground contamination and unusual kinematic distribution
make it difficult to robustly determine the dark matter mass of Wil 1. As a result, X-ray or gamma-ray observations
of Wil 1 that attempt to constrain models of particle dark matter using an equilibrium mass model are strongly
affected by the systematics in the observations presented here. We conclude that, despite the unusual features in the
Wil 1 kinematic distribution, evidence indicates that this object is, or at least once was, a dwarf galaxy.

Key words: galaxies: dwarf — galaxies: individual (Willman 1) — galaxies: kinematics and dynamics — galaxies:
star clusters: general

Online-only material: color figures
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Kinematic Evidence of a

Stream Nearby
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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 |, Segue 2, Boo Il).
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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
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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
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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

Possible Scenarios

R

Mildly Pessimistic Unpleasant Too Bad
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Conclusions

Mildly Pessimistic Scenario: the faintest objects are
surviving satellites of bigger dwarfs which have been destroyed

100.05' T L T I I T T
I within 280 kpc
107}
10.0¢}
2) E T ‘IOOE
o) a
N =
4 f—
© .
X
£
-2
1.0E < 10
107*¢
O. 1w  , & ; :
0 -5 -10 -15 -20 [omiiraverim R E S R G B & &% @ @
My, [mag] -12 =10 -8 -6 -4 =2 0

My, [moag]

Fic. 13.— Accessible volume within the DRS footprint for galaxies with

different luminosities and surface brightnesses ;. and i < 30 mag arcsec 2 (see
Fig. 12). The volume limited by the virial radius (280 kpc) and within DRS is

shown by the dashed line.
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Conclusions

Mildly Pessimistic Scenario: the faintest objects are
surviving satellites of bigger dwarfs which have been destroyed
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different luminosities and surface brightnesses ;. and i < 30 mag arcsec 2 (see
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shown by the dashed line.
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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

To0 Bad: these are star clusters and have zero DM

Star clusters in isolation
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+36°00'00" +40°00°00" +44°0000"

+32°0000"

Like Palomar star clusters

Conclusions
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Speculation

Too Bad, but we might still learn something about dwarfs!
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Speculation

Too Bad, but we might still learn something about dwarfs!
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What Is a Galaxy?

“We stumble now into the gaping moor of general ignorance”
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QI, Episode 7 "Incomprehensible", 21 Oct 2011
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