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Scatter about Universal dwarf spheroidal mass 11

Figure 8. Left: rhalf versus ! for the M31 (blue circles), MW (red triangles) and isolated (cyan squares) ‘classical’ dSph. M31 dSph tend towards colder values
than the best-fitting MW relations (NFW, Cored and power law shown as long-dash, short-dash and solid lines) taken from Walker et al. (2009); it was observed
in !50 per cent of this sample. The ‘classical’ MW dSph have a tendency to scatter above this relation (with the notable exception of CVnI). The two isolated
dSph, Cetus and Tucana are significantly hotter than the MW mass profiles. We also show the MW and M31 ultrafaint objects (i.e. MV > "7.9) as small green
points. The majority of these are consistent with the relations, barring And XII and Hercules which are both colder. Right: MV versus rhalf for the ‘classical’
population, colour-coded as before. A number of the M31 dSph are more extended for a given luminosity than their MW counterparts. Interestingly, a number
of the more extended M31 objects also fall within the colder regime of the previous plot. Lower: central surface brightness ("V,0) versus scatter for all dwarfs
about the best-fitting NFW profile from the left-hand panel, where the scatter is measured as the difference between the observed velocity dispersion from the
observed velocity dispersion, divided by the expected dispersion in the NFW model, !v/!nfw. If these dSph all inhabited a ‘Universal’ halo, you would expect
to see the points scattering around zero, but instead we see a trend of increasingly negative scatter with decreasing central surface brightness. We overplot the
expected path for an object undergoing tidal disruption to follow in this plane, from Peñarrubia, McConnachie & Navarro (2008). The black points represent
a dwarf which has yet to lose any mass from tides, and the point at which it has lost 9/10th of its mass. It follows our observed trend well, and we argue that
tides have likely played some part in the scatter about a ‘Universal’ mass profile.

relation at >1! . Again, assessing the scatter of the population in
a sign-dependent manner, we find #!M31,NFW$ = "0.80 ± 0.2 and
#!M31,Core$ = "0.59±0.4, showing that these objects preferentially
scatter in the more negative or ‘colder’ direction. Overall, we find
that the distribution about these profiles (for both M31 and MW)
demonstrates that there is more scatter overall than you would ex-
pect solely from their individual errors, as only eight out of 19 (or 42
per cent) objects sit within 1! of their expected values. Finally, we

note that the two isolated dSph, Cetus and Tucana, are significant
(>4! for Cetus and >2! for Tucana) outliers to the relations.

This spread in the overall population (MW, M31 and isolated
dSph combined) suggests that some physical factor is driving the
scatter about these relations, and we argue that tidal forces exerted
by the host could play a part in creating the observed differences
in both the central velocity dispersions and surface brightnesses
between MW and M31 satellites. The work of Peñarrubia et al.
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proximity allows:-

detailed spatial mapping

trace SFH and its variation

kinematics individual stars

stellar atmosphere chemistry
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“Great fleas have little fleas upon their backs to bite’em
And little fleas have lesser fleas, and so ad infinitum.
And the great fleas themselves, in turn, have greater fleas to go on,
While these again have greater still, and greater still, and so on” 



Cosmological simulations -> LG substructure resolution  



the overall distribution and properties of LG and nearby galaxies 
matches that seen in large scale simulations       LG galaxies represent 
the general field population of galaxies in the Universe
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Galaxy substructure and satellite accretion
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Bullock & Johnston 2005

300 x 300 kpc
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The North Galactic Cap as seen by Vasily 
- a Field of Streams + blobs
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AndXXVIII  d= 565 kpc







The satellite system of M31

[contrast with the Milky Way which 
has 9 known GCs beyond 30 kpc]

• prior to 2004, M31 had six dwarf 
spheroidal satellites (And I - VII)
and one globular cluster > 30kpc 

• 2010 -> And XXVIII (the 26th dSph!)
and more than 79 clusters > 30kpc 
most discovered in INT WFC and 
MegaCam surveys                        

• many are as bright as the previously 
known dwarf galaxies and clusters

• detect satellite dwarf galaxies to  
Mv = -6.5 and clusters to Mv = -5
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Distribution of satellites on the M31 sky

spatial and velocity distribution properties ??
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Near-field cosmology - some key questions

● are there still missing satellites predicted in  CDM ?

● are dark matter profiles universal ?  

● what is the nature and spatial distribution of dark matter ?

● how were the MW and M31 constructed ? are they typical ?

● what was the role of accretion in the formation of the 
Galactic halo, disk, bulge ?

● what was the detailed chemical enrichment history ?

● do the Galaxy, M31 and the LG look like the predictions ?

!


