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What LSST buys us 
(for Local Group science)

• Deep detections of candidate point sources 

• Photometric measurements for Euclid point sources 

• Variability 

• Proper motion of faint point sources

Its hard to think of some area of study of the Local Group 
and its constituents that won’t be transformed by 

LSST!



Dark Matter in the Local 
Group

Can very dark satellites be detected on the edge of the LG?

DM subhalos: 
central prediction of LCDM 

How do baryonic processes 
transform the subhalos?

Effect of feedback? 
effect of tides?

Do subhalos exist?



Examples:  
Andromeda & Milky Way dSphs

Collins+(2013a)

Segue 1 @ 23kpc

Niederste-Ostholt (2009)

CFHTCFHT SDSS

And 23 &11 @ 800kpc



dSphs with LSST
• Faintest, lowest mass galaxies we can detect 

• Allow us to probe dark matter on small scales 
(few 100s pc) 

• They flirt with controversy: 
Missing? 
Cusped or cored? 
Universal? 
Too big to fail? 

• Finding all LG satellites (down to say Mv~-2) 
would be a big step towards fully 
understanding dark matter subhalos, and their 
role in galaxy formation. 

Hundreds of Milky Way Satellites? 7

the SDSS satellite count by the inverse of the DR5 sky frac-
tion (1/fDR5) and adding this to the classical dwarf satellite
count, we produce the (green) long-dashed line. This first-
order correction provides an extremely conservative lower es-
timate on the total Milky Way satellite count by ignoring the
details of luminosity bias in the SDSS.
We use the following series of mock surveys of the Via

Lactea subhalo population in order to provide a more re-
alistic correction. First, an observer is positioned at dis-
tance of 8 kpc from the center of Via Lactea. We then de-
fine an angular point on the sky from this location and use
it to center a mock survey of solid angle ΩDR5 = 8000
square degrees. We allow this central survey position to
vary over the full sky using 3096 pointings that evenly sam-
ple the sky. Although we find that the absolute position of
the observer does not affect our results significantly, we also
allow the observer’s position to vary over six specific lo-
cations, at (x, y, z) = (±8, 0, 0), (0,±8, 0), and (0, 0,±8)
on the Via Lactea grid. We acknowledge that there are
(contradictory) claims in the literature concerning whether
satellite galaxies are preferentially oriented (either parallel
or perpendicular) with respect to galaxy disks (Kroupa et al.
2005; Metz et al. 2007; Kuhlen et al. 2007; Wang et al. 2008;
Faltenbacher et al. 2008), and equally contradictory claims re-
garding how disks are oriented in halos (Zentner et al. 2005;
Bailin et al. 2005; Dutton et al. 2007). If there were a prefer-
ential orientation, then the appropriate sky-coverage correc-
tion factors would need to be biased accordingly, but for our
correction, we make no assumptions about the orientation of
the “disk”. Therefore, any uncertainty in the correct orienta-
tion of the disk is contained within the errors we quote on our
counts. In the end, we produce 18576 equally-likely mock
surveys each with their own correction factors, and use these
to correct the Milky Way satellite luminosity function for an-
gular and radial incompleteness.
For each of the mock surveys, we consider every DR5 satel-

lite (i = 1, ..., 11, sometimes 12 ) with a helio-centric distance
within Router = 417 kpc and determine the total number of
objects of its luminosity that should be detectable. Specifi-
cally, if satellite i has a magnitudeM i

V that is too faint to be
detected at Router (i.e. if M i

V ! −7), then we determine the
number of Via Lactea subhalos, N(r < Rcomp, Ω < ΩDR5),
that are situated within an angular cone of size ΩDR5 and
within a helio-centric radius Rcomp(Mi). We then divide the
total number of Via Lactea subhalos,Ntot by this “observed”
count and obtain a corrected estimate for the total number
satellites of magnitudeM i

V:

ci =
Ntot

N(r < Rcomp(M i
V), Ω < ΩDR5)

. (3)

If the SDSS satellite i is bright enough to be seen at Router,
then Rcomp is replaced by Router in the above equation. In
this case, the correction factor accounts only for angular in-
completeness. This method allows us to produce distribu-
tions of correction factors for each MV of relevance. Note
also that because the correction factor is the fraction of sub-
halos in the cone, it depends only on the distributions of Via
Lactea subhalos, rather than directly depending on the total
number, rendering it insensitive to the overall subhalo count
in Via Lactea. Furthermore, any subhalo distributions that
do not have enough subhalos to fully accommodate all pos-
sible pointings are simply given the correction factor 1/Ntot,
meaning that numerical effects tend to undercorrect, produc-
ing a conservative satellite estimate.

FIG. 6.— Luminosity function as observed (lower), corrected for only
SDSS sky coverage (middle), and with all corrections included (upper). Note
that the classical (pre-SDSS) satellites are uncorrected, while new satellites
have the correction applied. The shaded error region corresponds to the 98%
spread over our mock observation realizations. Segue 1 is not included in this
correction.
Three example distributions of number-count correction

factors are shown in Figure 7 for hypothetical objects of lu-
minosityMV = −3,−5,−7 and corresponding completeness
radii Rcomp = 77, 194, and 486 kpc. We see that while the
brightest objects typically have correction factors of order the
inverse of the sky coverage fraction, ∼ 5, the faintest objects
can be under-counted by a factor of ∼ 100 or more. Note that
to produce helio-centric sky coverage maps, we must assume
a plane in Via Lactea in which we consider the Sun to lie – for
Figure 7, this is the xy plane, but for our final corrections we
consider all possible orientations (described above).
We construct corrected luminosity functions based on each

of the 18576 mock surveys by generating a cumulative count
of the observed satellites. We weigh each satellite i by its
associated correction factor ci and (in our fiducial case) its
detection efficiency ϵi. For each of the new satellites we use
the quoted detection efficiencies from Koposov et al. (2007,
Table 3). We reproduce those efficiencies in our Table 1, and
we assume ϵ = 1 for all of the classical satellites that are not
within the DR5 footprint. Explicitly, the cumulative luminos-
ity function for a given pointing is:

n(< MV) =
<MV
∑

i

c(M i
V)

ϵi
. (4)

For a given scenario (subhalo population, completeness lim-
its, and detection efficiencies for each satellite) we determine
the luminosity function for each pointing and disk orientation.
We are then able to calculate a median luminosity function
and scatter for each scenario.
Our fiducial corrected luminosity function shown by the up-

per blue solid line in Figure 6, and the shaded band spans
the 49% tails of the distribution. Note that the errors van-
ish around MV = −9 because all satellites brighter than
that are “classical” pre-SDSS satellites and are left com-
pletely uncorrected on the conservative assumption that any
objects brighter than this would have been detected previ-
ously. Our fiducial scenario counts galaxies within a radius
Router = 417 kpc and excludes Segue 1 from the list of cor-
rected satellites because it is not within the DR5 footprint.

Tollerud+(2008)
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Canada-France Imaging Survey (CFIS)

• ~2500 sq. degrees / 10000 sq. degrees

• 240 sec (480 sec over 1000 sq. deg.)

• 0.3 x 1013 pixels

• 9.8 million sources

• ~3 mags gained wrt SDSS-u

14 15 16 17 18 19 20 21 22 23 24
u

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

d
u u SDSS

u Luau

3 mags



Halo science lies at the faint end of Gaia
Besançon model prediction 100 sq deg @ b=60 deg:

where Gaia has no parallaxes,  
no RVs, and poor spectrophotometry
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We need additional distance 
measurements 
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Defining photometric metallicity  
relation for dwarfs 

(following Ivezic et al. 2008)
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Ibata et al. 2017



CFIS: Metallicity distribution of dwarfs

LSST will go much further! (& better statistics)

Ibata et al. 2017



Ibata, Lewis, Irwin, Quinn (2002) ; Johnston et al. (2002) ; Dalal & Kochanek (2002)

Stellar streams as 
seismometers

Or probes of exotic dark matter (Kesden & Kamionkowski 2006)

Stellar streams are probably the only reliable way we have to 
probe the small-scale substructure of Galactic dark matter.

Also probably best way to probe large-scale properties of 
Galactic dark matter

with CDM-like
substructure

smooth



Globular clusters and satellite 
streams in alternative gravities

• “External Field” effect in 
MOND gives rise to 
asymmetric potentials 
around satellites. 

• Superfluid DM?   

• Influence on dynamics of 
streams 

• In principle testable!

with
Guillaume Thomas

Benoit Famaey

to 
host



with Khyati Malhan

Getting ready to find streams 
with CFIS (or LSST)+Gaia



Getting ready to find streams 
with CFIS (or LSST)+Gaia

with Khyati Malhan



LSST is really exciting 
for almost everything  
in the Local Group!

(well, apart from Andromeda!)


