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• How do galaxies populate the lowest 
mass halos? 

• Missing Satellites Problem (e.g., 
Klypin et al. 1999; Moore et al. 
1999; see Nierenberg+ 2016 at 
higher z) 

• Low densities of dwarf galaxies: 
core vs. cusp, and Too Big to Fail 
(e.g. Boylan-Kolchin et al. 2011; 
Garisson-Kimmel et al. 2014; 
Ostriker et al. 2019)

Diemand et al.

Figure 7

The Missing Satellites Problem: Predicted ⇤CDM substructure (left) vs. known Milky Way
satellites (right). The image on the left shows the ⇤CDM dark matter distribution within a sphere
of radius 250 kpc around the center of a Milky-Way size dark matter halo (simulation by V.
Robles and T. Kelley in collaboration with the authors). The image on the right (by M. Pawlowski
in collaboration with the authors) shows the current census of Milky Way satellite galaxies, with
galaxies discovered since 2015 in red. The Galactic disk is represented by a circle of radius 15 kpc
at the center and the outer sphere has a radius of 250 kpc. The 11 brightest (classical) Milky Way
satellites are labeled by name. Sizes of the symbols are not to scale but are rather proportional to
the log of each satellite galaxy’s stellar mass. Currently, there are ⇠ 50 satellite galaxies of the
Milky Way compared to thousands of predicted subhalos with Mpeak & 107 M�.

see, e.g., Rees & Ostriker 1977). According to Figure 6, these physical e↵ects are likely to

become dominant in the regime of ultra-faint galaxies M? . 105M�.

The question then becomes: can we simply adopt the abundance-matching relation

derived from field galaxies to “solve” the Missing Satellites Problem down to the scale of

the classical MW satellites (i.e., Mvir ' 1010M� $ M? ' 106M�)? Figure 8 (modified from

Garrison-Kimmel et al. 2017a) shows that the answer is likely “yes.” Shown in magenta is

the cumulative count of Milky Way satellite galaxies within 300 kpc of the Galaxy plotted

down to the stellar mass completeness limit within that volume. The shaded band shows the

68% range predicted stellar mass functions from the dark-matter-only ELVIS simulations

(Garrison-Kimmel et al. 2014) combined with the AM relation shown in Figure 6 with zero

scatter. The agreement is not perfect, but there is no over-prediction. The dashed lines show

how the predicted satellite stellar mass functions would change for di↵erent assumed (field

galaxy) faint-end slopes in the calculating the AM relation. An important avenue going

forward will be to push these comparisons down to the ultra-faint regime, where strong

baryonic feedback e↵ects are expected to begin shutting down galaxy formation altogether.

2.2. Cusp, Cores, and Excess Mass

As discussed in Section 1, ⇤CDM simulations that include only dark matter predict that

dark matter halos should have density profiles that rise steeply at small radius ⇢(r) / r
�� ,

with � ' 0.8� 1.4 over the radii of interest for small galaxies (Navarro et al. 2010). This is

20 Bullock • Boylan-Kolchin

Ultra-Faint Intrigue
[M* ∼ (0.1–1) × 104 M⦿; Mhalo ~ 108 M⦿]



Figure 3 The cumulative number of satellite galaxies
within the virial radius of an LMC analog as a function
of dark matter mass ratio to the LMC. Adapted from
Sales et al. (2013), which is based on the semi-analytic
models of galaxy formation by Guo et al. (2011).
Colored lines indicated the results for different LMC
dark matter halo masses. LMC’s that host one SMC
have dark matter masses ranging from
log(Mdark) = 10.75–11.25. Such halos are expected to
host between 5–30 satellites with mass ratios of 1:1000,
which correspond roughly to ultra faint dwarf galaxies
(M∗ = 0.1–1× 103 M⊙). The goal of this proposal is to
determine whether any of the newly discovered dwarfs
are these expected satellites.

their much larger number provides an overwhelming
√
N advantage in averaging. Also,

background galaxies make it possible to do absolute astrometry on any field, with no need
for a known background quasar; and background galaxies sample the whole detector, reduc-
ing systematic errors. Using background galaxies as stationary reference sources, we have
successfully measured the PMs of M31 with an accuracy of 12 µas/yr (Sohn et al. 2012) and
Leo I with an accuracy of 30 µas/yr (Sohn et al. 2013). We are also using the same technique
in ongoing HST programs to measure absolute PMs in very sparse satellite stream fields (e.g.,
Sgr Stream; Sohn et al. 2015). Based on these results, the PM accuracies required for the
present study are well within reach of HST’s demonstrated capabilities.

2 Measurement Strategy

Technique: To measure the movement of stars with respect to background galaxies we
start by creating a co-added frame based on all individual exposures of a field (similar to
MultiDrizzle, but better optimized for astrometry). SExtractor is then run on the co-added
frame to detect and classify all sources into point and extended sources. The extended
sources are manually inspected to find relatively bright and compact background galaxies.
For the stars in the field an ePSF (effective Point Spread Function; Anderson & King 2003) is
created. Similarly, for each individual background galaxy a “GSF” is created (a template of
the galaxy that takes into account the galaxy morphology, the PSF, and the pixel binning).
For each individual exposure in each epoch, we fit all stars with the ePSF and all galaxies
with their GSF. The inferred positions are corrected to a geometrically undistorted frame
using the available distortion solutions (Anderson & King 2004) and adopting six-parameter
linear transformations to correct for any time-dependent linear skew variations (Anderson
2007). We then measure the displacement between the two epochs of the stars with respect
to the nearby background galaxies. We use only confirmed galaxy member stars as selected
by CMD position and PM properties. The average of this quantity over all stars and all
exposures of a given field gives the absolute PM of our target galaxy.

Control of Systematics: The ACS/WFC geometric distortion calibration is stable with
time to < 0.005 pixels (Anderson 2007). We compare the position of each background galaxy
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How many Magellanic satellites does LCDM predict?

Dooley+17: 2-12 UFDs with M* > 
104 M⦿

(see also Guo et al. 2011, D’Onghia & Lake 08, Li & Helmi 2008)

Group infall:  Wetzel et al. 
2015; Deason et al. 2015:  
∼30% of M∗ ︎~ 105 M⊙ 
satellites of Milky Way hosts 
fell in as a group 



The Infalling LMC system

NK et al. 2018; Sales et al. 2017
See also: Jethwa et al. 2016; Yozin and Bekki 2015; Deason et al. 2015



and distance alone (see Section 3), prompt us to eliminate it
from further analysis.

Soon after submission of this work, Massari & Helmi (2018)
presented a paper searching for additional photometric
members for seven dwarfs in DR2, with two dwarfs over-
lapping with our sample, Car2 and Ret2. Their method is not
dissimilar to ours. For these two dwarfs, they also choose
additional members based on an initial RV guess, which is
refined iteratively by 2.5 σ cuts in PM and parallax, followed by
a further culling on the basis of a CMD, and projected distance
from the dwarf center. Our method also utilizes PM, CMD, and
projected distance cuts (though there are differences in the
choice of tolerance—we choose 2σ for our PM and CMD cuts).
A difference is that we do not further iterate on the selection, as
we found that this mostly added faint stars, while they do not
apply their selection on a control field, i.e., weight their results
by a control field. Nonetheless, our results are very consistent
with theirs. The reason that they report more new candidate

members than we do is because of the very strict cut (1−rh)
that we make in projected distance from the dwarf center.
Massari & Helmi do not report what projected distance cuts
they use, but if we do not make this cut then we obtain similar
numbers of candidate members as they do: 47 total members
for Ret2 and 61 for Car 2. The resulting errors from using this
larger sample of candidate members are also consistent with
their errors, and are slightly larger than those presented here
with the 1rh cut. This is consistent with our finding that adding
many additional photometric members, that are mostly faint,
does not improve the precision. This explains why we
concentrated on searching for bright members very close to
the UFD core. We do note, however, that the Massari & Helmi
method will be helpful to train further RV studies of these
dwarfs and to better understand their structural properties.
Gaia Collaboration et al. (2018b) have presented DR2 PMs

for nine classical dwarf spheroidals of the MW. Even though
the regime, in terms of number of stars, is rather different than
for the UFDs presented here, we mention their work here in
order to provide a general consistency check of Gaia PMs.
Specifically, they are able to compare their results to previous

Figure 1. Top: our selection process for Car2. Green plus signs show the
spectroscopic member stars that make it through our quality cuts; yellow, blue,
and red stars are consistent with the spectroscopic PMs. Red stars are from our
control “background” field, blue stars are target members that get cut due to our
1−rh radius selection, and yellow stars (without plus signs overlaid) are 14
newly added members, used in addition to the spectroscopic members for the
PM calculation. A PARSEC isochrone is overlaid for illustrative purposes.
Bottom: the PM field, with the same color scheme.

Figure 2. Top: same as Figure 1, but for Hyi1. In this case, we add eight new
members to the 30 spectroscopic members, some of which are relatively bright.
Note that 4 of the 30 spectroscopic members do not pass our parallax quality
cuts and are therefore not used in our analysis, but we show them here (green
plus signs) for completeness.
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Gaia DR2 PMs of Ultra-faints: Hydrus 1

NK et al. 2018

DR2 UFD PMs from spectroscopic samples: Simon 2018; Fritz et al. 2018
Adding photometric information: NK et al. 2018; Pace & Li 2018; Massari & Helmi 2018 



Certainty of membership for the remaining dwarfs, however,
comes from adding the measured 3D velocities (radial
velocities plus PMs) to the sky positions and distances, to get
full 6D quantities, and from comparing these 6D quantities to
the simulation predictions. We first compare the orbital poles of

the satellites with 3D measurements to the orbital pole of the
LMCa system. Figure 5 plots the galactic l and b positions of
the orbital poles, which are preserved and should be consistent
for infalling groups, for LMCa particles (gray density contours)
and for the subset of measured dwarfs that also inhabit this
region of angular momentum space. Hor1, Hyi1, Car3, and
Ret2 are clearly consistent with the angular momentum
direction of the LMC system, listed in descending order of
significance as represented by the density of LMCa debris in
the same region. Dra2, Tuc2, Hya2, and Gru1 are also
consistent within their measured 1σ errors, where the errors in
the poles are calculated as standard deviation of 1000 Monte
Carlo drawings over the measurement errors in Galactocentric
X, Y, Z and VX, VY and VZ.
We next consider the Galactocentric radial and tangential

velocities of the debris, and compare to those measured for the
dwarfs. Following S17, we select all DM particles once part of
the LMCa system that lie within a 5° radius of the sky positions
of the dwarfs. We check their Galactocentric distances, and
their Galactocentric VX, VY and VZ values. We then plot, in
Figure 6, the corresponding observed distance of the dwarf
± 20% range (red regions) and the observed velocities and
errors. The radius and distance tolerance were chosen to
maximize the total number of potential LMCa particles in a
given region of sky, while still giving peaked (confined)
predicted velocity histograms.
At least four dwarfs show clearly consistent positions and

velocity measurements compared to our predictions: Hyi1,
Car3, Car2, and Hor1 (red labels), presenting a compelling case
of probable membership to the LMC group. Ret2, Tuc2, and
Gru1 have velocity components that are not consistent within
3σ of our predictions and are unlikely members of the LMC
group according to our analysis. Notice that Hya2 is an
interesting case. In a first pericenter passage scenario, Hya2
occupies the foremost tip of the leading arm of the stream. Only
a few particles are expected in that area of the sky (see
Figure 4), but despite this seemingly low chance of association,
their velocities agree well with the observed ones for Hya2,

Figure 5. Direction of the axis of orbital angular momentum of LMCa debris
(gray density contours enclose from the innermost to the outermost lines
5%–95% of all LMCa particles, respectively) along with those measured for
dwarfs in this study that lie close to this direction. Hor1, Hyi1, Car3, and Ret2
are clearly coincident with the Magellanic system, a condition necessary but
not sufficient for a common origin with the LMC. Dra2, Tuc2, Hya2, and Gru1
are marginally consistent given their measurement errors.

Table 3
Predicted PMs and Radial Velocities

Name μα, pred μδ, pred RVpred Nstars μα, meas. μδ, meas.
(mas yr−1) (mas yr−1) (km s−1) (mas yr−1) (mas yr−1)

Pic2 -
+1.69 0.04

0.05
-
+0.77 0.15

0.13
-
+333.83 38.78

42.84 2 L L
Tuc4 -

+1.26 0.15
0.17 - -

+2.19 0.0
0.02

-
+33.51 11.07

14.66 0 L L
Gru2 -

+0.26 0.16
0.08 - -

+2.24 0.02
0.08 - -

+132.32 2.23
17.27 2 L L

Tuc5 -
+0.91 0.14

0.12 - -
+1.94 0.02

0.01
-
+33.49 10.64

8.19 0 L L
Sag2 - -

+0.01 0.03
0.03 - -

+1.3 0.04
0.02 - -

+339.54 11.08
6.35 0 L L

Lae3 -
+0.07 0.06

0.08 - -
+0.92 0.01

0.01 - -
+477.73 13.26

3.28 0 L L
Hor2 -

+1.25 0.05
0.06 - -

+0.65 0.03
0.03

-
+159.81 30.68

26.76 0 L L
Phx2 -

+0.67 0.08
0.03 - -

+1.25 0.01
0.01 - -

+15.45 10.48
5.22 4 −0.54± 0.10 −1.17± 0.12

Eri3 -
+1.04 0.07

0.06 - -
+0.75 0.02

0.0
-
+126.18 27.29

29.89 1 L L
Ret3 -

+1.12 0.05
0.05 - -

+0.32 0.04
0.03

-
+229.85 32.02

31.41 2 L L
Ind1 -

+0.26 0.01
0.01 - -

+0.98 0.01
0.01 - -

+93.93 1.28
1.88 4 −0.23± 0.15 −1.22± 0.15

Pic1 -
+0.77 0.02

0.01 - -
+0.1 0.01

0.08
-
+176.68 20.77

16.89 3 −0.08± 0.24 0.07± 0.31
Col1 -

+0.16 0.0
0.01 - -

+0.1 0.0
0.0

-
+340.17 13.5

18.71 4 −0.42± 0.14 −0.15± 0.19
Peg3 -

+0.12 0.02
0.02 - -

+0.27 0.01
0.0 - -

+327.12 0.97
8.9 2 L L

Note.Predicted PMs and radial velocities from the simulation for the set of dwarfs without measured radial velocities that also do not have a probability of zero of
being associated with the LMC based on their large distances from its orbital plane. The first column lists the name, followed by the PM and radial velocity
predictions. The next three columns list the results of running our pipeline, using the predicted PM values as a starting point, on DR2. Column 5 lists the number of
stars found to be consistent with this prediction, and if more than 3, then their weighted-average PMs.
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Orbital Poles of successfully measured systems

NK et al. 2018



Figure 6. Galactocentric velocity in VX, VY, and VZ (km s−1) vs. Galactocentric distance (kpc) for the observed dwarfs vs. LMCa debris from the simulation, for nine
dwarfs of interest (labeled in each right-hand side panel) sorted by galactic latitude. Gray dots represent the LMCa DMz particles located within 5 deg2 of the position
of the dwarf. Red dashed lines correspond to the observed radial distance of each dwarf together with the ±20% range used to average the predictions in Table 3. The
observed velocities are indicated with blue square symbols. Hyi1, Car3, Car2, and Hor1 are likely associated to the LMC (red labels) whereas Gru1, Tuc2, and Ret2
are currently disfavored. Hya2 and Dra2 cannot be ruled out and deserved further analysis (see the text for more details).
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Velocities and Distances
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Predictions for galaxies without PMs: Phx2

 NK et al. 2018; see also Pace & Li 2018

- Newly measured RV from Fritz et al. 2018
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Figure 2. Probability of being bound the LMC 5 Gyr ago as a func-
tion of satellite mass for the ultra-faint dwarfs. For each LMC mass, we
Monte Carlo sampled the satellite’s 6d phase space position (as well as the
LMC’s) and integrate the orbit backwards to determine whether the satel-
lite is bound. As the LMC’s mass is increased, we find that the satellites
are more likely to be bound. The colored curves show the probabilities for
the five likely bound satellites and the black curves show the probabilities
for the remaining 12 satellites. Interestingly, four of the satellites (Hor 1,
Car 2, Car 3, and SMC) have a non-zero probability of being bound even
with the lowest mass we consider, 2 ⇥ 1010

M� which is the observed mass
of the LMC within 8.7 kpc van der Marel & Kallivayalil (2014). The other
12 satellites, shown with black curves, have a negligible chance of being
bound, with Tuc 2 and Tuc 3 reaching a bound probability of 3.3% and
2.5%, respectively, with an LMC mass of 3 ⇥ 1011

M�.

2.3 Mass of the LMC

Next, we use the likely LMC satellites to estimate the mass of the
Cloud. This is done by assuming that each of the 7 dwarfs with
a significant chance of being bound is truly an LMC satellite. For
each object, we make 10,000 Monte Carlo realizations of its orbital
evolution in the presence of the LMC. For each realization, we be-
gin with an LMC mass of 2 ⇥ 1010

M� and rewind the satellite and
the LMC as described above to determine whether it is bound. If
the satellite is not bound, we increase the LMC mass by 109

M�
and repeat the rewinding procedure. This is repeated until we find
an LMC mass for which this particular realization of the satellite is
bound. We call this the minimum mass needed to bind the satellite
since it would also be bound for a more massive LMC. If the LMC
mass exceeds 3 ⇥ 1011

M�, we classify the satellite as unbound and
move onto the next realization. This process then yields a distribu-
tion of the minimum LMC mass needed to bind the satellite.

In Figure 3 we show the distribution of the minimum mass
needed to bind the satellites considered. Of all the satellites, Ret 2
requires the highest LMC mass, 9.6 ⇥ 1010

M�. Although this mass
is larger than what has been measured in the inner part of the LMC
(van der Marel & Kallivayalil 2014), it is significantly less than
the mass measured using the Orphan stream (Erkal et al. 2019) or
the mass measured using the nearby Hubble flow and the timing
argument with Andromeda (Peñarrubia et al. 2016). Car 2 requires
the lowest LMC mass in order to bind it, consistent with its high
probability of being bound even for a low LMC mass (see Fig. 2).
The median LMC mass needed to bind each satellite can be found
in Table 1.

Figure 3. Distribution of minimum mass needed to bind the satellites to the
LMC. We show the six satellites which have a significant chance of being
bound. Phe 2 requires the highest LMC mass in order to bind it, 12.4 ⇥
1010

M�.

2.4 Satellites without radial velocities

This rewinding technique can also be used on satellites without ra-
dial velocities. In order to do this, we sample the proper motions
and distance from their observed distributions, and uniformly sam-
ple the radial velocities over the range -500 to 500 km/s. For each
satellite, we make 200,000 such samples and then bin the veloci-
ties with a width of 10 km/s. For each velocity bins, we compute
the probability of being bound to a 1.5 ⇥ 1011

M� LMC, and then
take the maximum probability across all of these bins. The results
are shown in Table 1. For the satellites with a maximum probability
above 0.4, we give the radial velocity range with this probability.
We see that there exist radial velocities for which Eri 3 would have
a high probability, 0.50, of being bound an LMC satellite. We note
that some of these satellites have large proper motion errors (e.g.
Hor 2 has errors of 0.42 mas/yr and 0.66 mas/yr) which will nat-
urally lead to a low probability of membership even for genuine
LMC’s companions. Thus, the membership probability for these
satellites should be revisited once better proper motions are avail-
able.

2.5 Classical dwarfs

In order to assess whether any of the other classical dwarfs could
have fallen in with the LMC, we repeat our analysis for them with
an LMC mass of 1.5 ⇥ 1011

M� and 2.5 ⇥ 1011
M�. The results are

shown in Table 1. We find that for a 1.5 ⇥ 1011
M� LMC, none

of the classical satellites (excluding the SMC) have an appreciable
probability of belonging to the LMC. Increasing the LMC mass to
2.5⇥1011

M�, we find that Fornax has the highest probability, 0.459,
of having been bound to the LMC in the past. Interestingly, Figure 1
shows that Carina is closer to the LMC in phase space than Fornax.
Despite this, Fornax has a significantly higher probability of being
bound to the LMC. This shows that the present day binding energy
can be misleading and one needs to either rewind the satellites as
done in this work, or model their stripping from the LMC (e.g.
Jethwa, Erkal & Belokurov 2016; Sales et al. 2017; Kallivayalil
et al. 2018).

This analysis thus provides a useful counterpoint to those
based on the orbital plane alignment of the classical satellites (e.g.

c� 0000 RAS, MNRAS 000, 000–000

Erkal & Belokurov 2019
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Figure 5. Cumulative z = 0 count of satellite galaxies above a given stellar mass within one virial radius of the host. (Left) The satellite
stellar mass functions of LMC-mass hosts in FIRE (colored) and the real LMC (dark grey). Shaded regions show the 1� variance
from over the last ⇠1.3 Gyr. Confirmed LMC satellites are named in red and shown as star markers, while possible LMC satellites are
cumulative with the confirmed population and shown as triangles. ‘Confirmed LMC assoc.’ refers to dwarf galaxies with full proper motion
measurements which have angular momenta in agreement with the LMC infall direction, while those labeled ‘possible’ have incomplete
proper motion data, but existing data is consistent. The teal dotted line is the expected satellite mass function of an LMC-mass host as
predicted by semi-analytic modelling in Sales et al. (2013), which uses the model in Guo et al. (2011). All error bars are Poisson noise.
(Right) The solid grey line represents all satellite galaxies of the MW, while the dashed grey line represents the same satellites of the
MW minus the confirmed satellites of the LMC, which are shown in the left panel and listed in Table 1. This shows what the in-situ
satellite population of the MW was prior to the infall of the LMC and its associated companions. The purple shaded region represents
the range of satellite mass functions of these MW-mass hosts in FIRE, with thin lines representing each individual host, and thick line
indicating the average number of luminous satellites at each mass. The yellow vertical shaded region on the left represent the ultrafaint
mass scale.

confirmed satellites of the LMC (by S17 and K18) include
Car2, Car3, Hor1, Hyd1 and the SMC. No label means that
a given galaxy is unlikely to be associated with the LMC
given the current data. Galaxies confirmed by our calcula-
tions using Gaia DR2 are labelled ‘this work’.

4.2 Simulated LMC Satellite Populations

With new observational context to the number of dwarf
galaxies consistent with co-evolution and co-infall with the
LMC, we can examine these results in a cosmological con-
text. We provide this context by analyzing the satellite pop-
ulation of ⇤CDM cosmological zoom-in simulations of iso-
lated LMC-mass hosts. The left panel in Fig. 5 shows the
stellar mass function of LMC satellites in FIRE (colored lines
refer to the same simulations as previous figures, with the
dashed lines representing an extrapolation to M⇤ ⇠ 104 M�
for the runs with resolution mbary = 7070 M�). In dark gray
we show the observed stellar mass function of LMC satellties
inferred from the kinematics of MW dwarfs from Gaia DR2
data, using starred symbols for the confirmed associations
(SMC, Carina, Fornax, Hyd1, Car2, Hor1, and Car3) and in
triangles including all ‘possible’ associations to the LMC, as
determined by S17 and K18.

We find an overall good agreement between the inferred
satellite population of the LMC and our simulated analogs.
Our simulations predict between 1 and 5 classical satellites

of the LMC, in agreement with the observational estimate
of 3 for the LMC (SMC, Carina, and Fornax). There is an
interesting mass dependence on the ability to predict rela-
tively massive satellites for an LMC-like host. Only the two
highest mass FIRE hosts (m11d with M200m=2.8⇥1011 M�,
and m11v with M200m=2.9⇥1011 M�) are able to reproduce
the high-mass end of the LMC’s satellite mass function, in
very close agreement with the halo mass estimates of the
LMC (⇠3⇥1011 M�) from other methods based on abun-
dance matching (Behroozi et al. 2013b; Moster et al. 2013)
and circular velocity measurements (van der Marel & Kalli-
vayalil 2014). The remaining three centrals with halo mass
⇠ 1.5⇥1011 M�, tend to have lower mass companions than
the SMC. On the other hand, all runs have at least one
satellite within a factor of two the stellar mass of Fornax,
supporting its association to the LMC as suggested by the
newly released Gaia kinematics.

One should keep in mind that the LMC-SMC associa-
tion itself is rather unusual. Previous work on LMC-SMC
selected pairs have showed them to be rare, though not im-
possible (Boylan-Kolchin et al. 2011a; Stierwalt et al. 2015).
For example, Besla et al. (2018) used Illustris and SDSS to
predict that the number of companions with M⇤⇠ 2⇥108 M�
per LMC-mass dwarf is roughly 0.02 once projection e↵ects
have been taken into account. It is unclear how this figure
changes with host mass, but following our results on the
trend with virial mass, the likelihood of such a companion
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Conclusions

• Proper motions are key in enabling near-field cosmology: 
mass and origin. 

• We conclude that four ultra-faint systems Hor1, Car2, Car3, 
and Hyi1) are members of the Magellanic Cloud system. 

• Another 4 galaxies (Phx2, Dra2, Hya2 and Ret 2) are highly 
likely members. 

• Carina and Fornax are two dSphs that may be associated with 
the LMC system. 

• Consistent with LCDM LMC mass systems?


