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The Pan-Andromeda Archaeological Survey (2008–2011)

๏Building on pilot M31 CFHT 
survey (Ibata, Martin et al. 2007)
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๏CFHT large program

• 220 hours over 3 years

• 4m telescope on Mauna Kea

๏MegaCam/MegaPrime

• 1 deg2 field of view

• 2 bands (g & i)
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The Pan-Andromeda Archaeological Survey Scientific Justification (7 of 7)

Figure S3: The Pan-AndromedaArchaeological Survey (PAndAS). Each tile represents a CFHT/MegaPrime field. The blue

line de-limits the survey region obtained previously from the French TAC (P.I. Ibata). The hatched green tiles in the south-

west quadrant correspond to the area surveyed through the Canadian TAC by the end of S07B (P.I. McConnachie). Open

green tiles correspond to the requested area new in this proposal. The centers of M31 and M33 are marked with circles. The

inner ellipse represents a disk of inclination 77 degrees and radius 2 degrees (27 kpc), the approximate edge of the regular

M31HI disk. The outer ellipse shows a 55 kpc radius ellipse flattened to c/a = 0.6, the limit of the original INT/WFC survey.

Major and minor axes of M31 are indicated. The inner and outer dashed circles centered on M31 correspond to projected

radii of 100 kpc and 150 kpc, respectively. The dashed circle centered on M33 corresponds to a projected radius of 50 kpc.

The grey scale shows Galactic extinction measured by Schlegel et al. (1998). The Galactic foreground increases northward

toward the Galactic plane. M31 satellites and discoveries from our extant CFHT/MegaPrime survey are highlighted.
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Diemand, J., et al. 2007, ApJ, 667, 859 Kravtsov, A. V., et al. 2004, ApJ, 609, 482 Robin, A. C., et al. 2003, A&A, 409, 523

Eggen, O. et al. 1962, ApJ, 136, 748 Mackey, A., vdBergh, S. 2005, MNRAS, 360, 631 Sarajedini, A., et al. 1998, ApJ, 508, L37

Evans, N., Wilkinson, M. 2000, MNRAS, 316, 929 Majewski, S. et al. 2007, ApJ, 670, L9 Schlegel, D., et al. 1998, ApJ, 500, 525

Fardal, M., et al. 2007, MNRAS, 380, 15 Martin, N. F., et al. 2007, ApJ, 668, L123 Searle, L. & Zinn, R. 1978, ApJ, 225, 357

Ferguson, A., et al. 2002, AJ, 124, 1452 Martin, N. F., et al. 2006, MNRAS, 371, 1983 Spergel, D. N., et al. 2007, ApJS, 170, 377

Gilbert, K., et al. 2006, ApJ, 652, 1188 Mayer, L., et al. 2006, MNRAS, 369, 1021 Strigari, L., et al. 2007, Ph.R.D., 75, 083526

Huxor, A. P., et al. 2008, ArXiv:0801.0002 McConnachie & Irwin 2006, MNRAS, 365, 902 Zucker, D., et al. 2004, ApJ, 612, L121

Huxor, A. P., et al. 2004, astro-ph/0412223 McConnachie, et al. 2003, MNRAS, 343, 1335 Zucker, D., et al. 2007, ApJ, 659, L21

Ibata, R., et al. 2004, MNRAS, 351, 117 McConnachie, et al. 2004, MNRAS, 351, L94

initial CFHT 
survey

PAndAS

150 kpc

PAndAS
The Pan-Andromeda Archaeological Survey (2008–2011)

๏Building on pilot M31 CFHT 
survey (Ibata, Martin et al. 2007)

๏PI: Alan McConnachie (HIA, 
Victoria)

๏CFHT large program

• 220 hours over 3 years

• 4m telescope on Mauna Kea

๏MegaCam/MegaPrime

• 1 deg2 field of view

• 2 bands (g & i)

Thursday, July 21, 2011



Andromeda

Thursday, July 21, 2011



Andromeda

Thursday, July 21, 2011



Thursday, July 21, 2011



Thursday, July 21, 2011



12 A.P. Cooper et al.

Figure 6. V-band surface brightness of our model haloes (and surviving satellites), to a limiting depth of 35mag/arcsec2 . The axis scales are in kiloparsecs.
Only stars formed in satellites are present in our particle model; there is no contribution to these maps from a central galactic disc or bulge formed in situ (see

Section 3.3)

c© 2009 RAS, MNRAS 000, 1–26

Cooper et al. (2010)
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150 kpc

[Fe/H] ~ –1.7

Martin et al. (2006)
Ibata, Martin et al. (2007)

McConnachie et al. (2008)
Martin et al. (2009)

Richardson et al. (2011)

6 dSphs (2004) → 25 dSphs (now; 
2 SDSS + 15 PAndAS)

+ deep follow-up
Thursday, July 21, 2011
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๏M31 dSph appear larger at given luminosity (McConnachie & Irwin 2006)

๏Different formation?

• Consequence of different                                                        
DM halo mass?

• Consequence of different                                                         
formation time?

• Consequence of M31’s disk                                                             
being more massive, tides?                                                                              
(Peñarrubia et al. 2010)

A MW/M31 satellite discrepancy?

no impact on rh-MV

Exploring the Andies 13

Figure 5. Absolute magnitude versus r 1

2

(left panel) and rt (right panel) for the Galactic dSphs (red squares), M31 dSphs (blue triangles)

and the isolated dSph in Cetus (magenta diamond). For a given Mv, the M31 dSphs have scale-radii that are generally at least twice as
large as those for the Galactic dSphs.

An obvious feature of Figure 5 is that the values for
r 1

2

and rt of the M31 dSphs are much larger than for their

Galactic counterparts. For a given MV , the scale-radii of
the M31 dSphs are generally twice as large than for the
Galactic dSphs. Specifically, the mean and median rt for
the M31 dSphs are 2.0 and 2.3 times larger, respectively,
than for the Galactic dSphs and the mean and median r 1

2

are both 3.1 times larger. The half-light radius, r 1

2

, tracks

rc, re and b, and so the same disparity is also seen in these
quantities. As these differences are observed across the range
of MV presented by the dSphs, it is unlikely to be an artifact
of small number statistics. Instead, these findings point to
notable differences between the formation and/or evolution
of these dSph populations.

A significant difference in the tidal radius, rt, between
the two populations will, by default, lead to a difference in
the values for r 1

2

. As demonstrated by the value for Cetus,

rt depends strongly on environment. The value of rt de-
rived from a King profile fit is not necessarily the true rt for
a dSph, but is a useful parameterisation to compare with
simple analytic models. Oh et al. (1995) give the following
expressions for the value of rt for a dSph in the tidal field
induced for a point mass;
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Here, e is the eccentricity of the orbit of the dSph which has
a semi-major axis a. M is the total mass of the dSph and Mh

is the mass of the host galaxy contained within the current
position of the dSph. The details of these equations are not
important for the current discussion and we include them
only to highlight the factors on which rt depends. Detailed
treatments of rt also require that the orbits of the individual

stars in the dSph are taken into account, as stars on radial
orbits are preferentially stripped to stars on circular orbits
(Read et al. 2005).

If we make the plausible assumption that the only fun-
damental difference between the M31 and Galactic dSphs is
that one group orbits M31 and the other group orbits the
Galaxy, then the differences in rt (and the more robust mea-
sure r 1

2

) must primarily arise via some combination of the

relative distribution of semi-major axes, a modulated by the
orbital eccentricities e, or the dynamical mass distribution
embodied in the parameter Mh. However, it is difficult to
break the degeneracy of these factors without more detailed
modelling. For example, if Mh as a function of radius is dif-
ferent between M31 and the Galaxy, then so too will the
typical values of a. Alternatively, if the characteristic orbits
of the two populations have significantly different values for
e, then the fraction of the mass of the host galaxy contained
within the positions of the dSphs could be very different and
change as function of orbital phase, θ. Naively, however, it
seems probable that the difference in the typical values of
rt between the dSphs of M31 and the Galaxy is reflecting a
difference in Mh (r, θ) between these two hosts, and requires
detailed examination. In this context, it is particularly inter-
esting to note that Huxor et al. (2004) have recently found
several extended luminous star clusters in the halo of M31
with large core and tidal radii, which do not have any Galac-
tic counterparts.

4.5 The Local Group population of dwarf

spheroidals

The Local Group dwarf galaxies display several correlations
between their physical properties. These include correlations
between luminosity – halo virial velocity, luminosity – metal-
licity, spin-parameter – central surface brightness, and cen-
tral surface brightness – luminosity. Dekel & Woo (2003)
propose that all of these correlations relate to the role of su-
pernovae feedback in dwarf galaxies, and is an extension of
the ideas proposed by Dekel & Silk (1986). The correlation

no impact on rh-MV
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The size of faint galaxies
– 21 –

Fig. 1.— Comparing the observed size distribution, r1/2, of Andromeda low luminosity dwarf

satellites galaxies (blue triangles) with those in the Milky Way (orange circles). The shaded regions

correspond to the approximate observation limits of the Milky Way (dark grey) and Andromeda

(light grey).

Andromeda 
satellites

Milky Way 
satellites

Brasseur, Martin et al. (2011)

• surface brightness limits
• modest number statistics
• uncertainties
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The Local Group dSph size-luminosity relation

– 24 –
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Fig. 4.— The solid purple line shows our independent maximum likelihood fit to all Milky Way and

Andromeda dSphs, while the dashed blue and dashed pink lines correspond to the Shen et al. (2003)

relations for late and early-type galaxies, respectively. The shaded regions indicate the intrinsic

scatter derived for both our work and the Shen et al. relation for late-type galaxies.
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The Local Group dSph size-luminosity relation
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Fig. 4.— The solid purple line shows our independent maximum likelihood fit to all Milky Way and

Andromeda dSphs, while the dashed blue and dashed pink lines correspond to the Shen et al. (2003)

relations for late and early-type galaxies, respectively. The shaded regions indicate the intrinsic

scatter derived for both our work and the Shen et al. relation for late-type galaxies.

A common size 
determinant ?
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A common size determinant?
๏Shen et al. 2003: size of late-type galaxies explained by angular 

momentum (Mo, Mao & White 1998)
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Fig. 5.— Left: Sub-halo dark matter mass, Macc, and concentration, cvir, at the time of accretion

for a range of host halo masses and formation times (see Table 3 for details on each host galaxy).

The upper plot shows three halos with the same formation epoch but different masses, and the lower

plot shows three halos of the same mass, but different formation epochs with no noticible difference

in the satellite properties. Neither change in the host-halo mass nor changes in the formation time

result in a systematic difference in the concentration of the sub-halos. Note that Galaxy 1 is the

highest mass, and hence shows the largest number of sub-halos. Right: The solid purple line and

the shaded region correspond to our derived relation for the combined sample of Milky Way and

Andromeda dSphs. The green and yellow points correspond to the sub-halos of simulations G4 and

G5.

Yes!

Strongly suggests that angular momentum arguments and 
cosmological framework play a role in setting the size of dSphs

• hierarchical formation → 
angular momentum to baryons

• baryons collapse → disk

• disk angular momentum         
→ size

๏Does it work here for dSphs?
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Summary
๏PAndAS

• galaxy formation in action

• exceptional view of a satellite system: 
6 → 25 dSphs

๏The size of faint galaxies

• no difference between M31/MW 
satellite size-luminosity relations

• good agreement with more massive 
late-type → angular momentum 
arguments explanation?

• evidence of rotation? thrashed small 
disk galaxies?
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Fig. 4.— The solid purple line shows our independent maximum likelihood fit to all Milky Way and

Andromeda dSphs, while the dashed blue and dashed pink lines correspond to the Shen et al. (2003)

relations for late and early-type galaxies, respectively. The shaded regions indicate the intrinsic

scatter derived for both our work and the Shen et al. relation for late-type galaxies.

PAndAS

Brasseur, Martin et al. (2011)
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