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( = ´ :m M2.8 10dm
5 , = ´ :m M5.7 10gas,initial

4 ) and ´2
larger force softenings.

To identify (sub)halos and their galaxies, we use a modified
version of the six-dimensional phase-space halo finder ROCK-
STAR13 (Behroozi et al. 2013), which accounts for multiple
species and assigns dark-matter, gas, and star particles to (sub)
halos.

3. RESULTS

At =z 0 the MW-mass host galaxy has
= ´ :M M7 10star

10 , with a bulge-to-disk mass ratio of 1:7.
The star formation rate = -

:MSFR 6 yr 1, which gradually
declined from a peak -

:M20 yr 1 at »z 0.8, leading to a late-
forming galaxy (half of Mstar formed at <z 0.6). For
comparison, the MW has = ´ :M M6 10star

10 and
= -

:MSFR 1.7 yr 1 (Licquia & Newman 2015); M31 has
» :M M10star

11 and » -
:MSFR 0.7 yr 1 (Tamm et al. 2012;

Lewis et al. 2015). Thus, the host’s Mstar is close to the MW,
though with ´3.5 higher SFR. We will examine the host in
detail in A. R. Wetzel etal. (2016, in preparation).

At =z 0, ROCKSTAR identifies 25 dwarf galaxies down to
> ´ :M M8 10star

4 (16 star particles) within uncontaminated
(sub)halos out to =d 3 Mpchost . We define “satellite” and
“isolated” galaxies via <d 300 kpchost and >300 kpc, leading
to 13 satellite and 12 isolated dwarf galaxies. For the latter, the
minimum halo mass is » :M M10200 m

9 , so our dwarfs’ halos
are well resolved with 240, 000 dark-matter particles (see
Garrison-Kimmel et al. 2016 for their -M Mstar halo relation).

Figure 1 shows the MW-mass halo at =z 0, showing
surface densities > -

:M10 kpc4 2. The dark-matter-only simu-
lation (left) contains significant substructure. By comparison,
dark-matter substructure in the baryonic simulation (middle) is
dramatically reduced at <d 300 kpchost , where it contains» ´3
fewer subhalos at fixed V .circ,max Furthermore, Figure 1 (right)
shows that, of this reduced subhalo population, only 13 host a
galaxy. Figure 1 also highlights the significant stellar halo,
including streams and shells from disrupting satellites.

To put baryonic physics in context, we first examine our
dark-matter-only simulation. Figure 2 (left) shows profiles of

= <v r Gm r rcirc total( ) ( ) for satellites within
<d 300 kpchost . We compare with observed dwarf galaxies,

compiled in McConnachie (2012), limiting to > :M M10star
5 ,

where observational completeness is well understood (e.g.,
Figure 1 in Wetzel et al. 2015). However, we exclude the LMC
and M33 because such massive satellites are rare around an
MW/M31-mass host (Busha et al. 2011; Tollerud et al. 2011),
and we exclude Sagittarius because it is disrupting into a
stream. Points show MW satellites ( = ´ - ´M 2 10 2star

5

:M107 ) with well-measured dynamical masses from Wolf et al.
(2010). Following Garrison-Kimmel et al. (2014), we show
v rcirc ( ) curves for the 19 subhalos that are at least as dense as
Ursa Minor; these span = -V 20 51 km scirc,max

1– . Two sub-
halos (light blue) are denser than all observed satellites.
Allowing the highest Vcirc,max subhalo to host the SMC, this
leads to one “failure” (that is, denser than all observed
satellites). Furthermore, counting all other subhalos and
subtracting the 5 that are consistent with Ursa Minor, Draco,
Sculptor, LeoI, and Leo II, we find 13 subhalos that are denser
than the MW’s, consistent with the range measured in suites of
MW-mass halos (e.g., Garrison-Kimmel et al. 2014; Jiang &
van den Bosch 2015). Thus, our dark-matter-only simulation
suffers from the “too big to fail” problem.
We next examine dwarf galaxies in the baryonic simulation.

Figure 3 (left) shows the cumulative number of satellites above
a given Mstar. Blue curves show the baryonic simulation, while
black curves show satellites around the MW (dashed) and M31
(dotted). Latte’s satellites span = ´ - ´M 8 10 2star

4

:M108 and lie entirely between the MW and M31, so the
baryonic simulation does not suffer from “missing satellites” at
these masses.
Figure 2 (right) shows the profiles of stellar 3D velocity

dispersion, svelocity,star, for each satellite, demonstrating their
flatness. Figure 3 (right) then shows the cumulative number of
satellites above svelocity,star, as measured at the half-light radius,
where it is expected to reflect the total dynamical mass (Walker
et al. 2009). Our high spatial resolution allows us to measure
this directly, without uncertainties from extrapolating v rcirc ( )

Figure 1. Projected surface densities around the MW-mass host in the Latte simulation at =z 0: the dark-matter-only simulation (left); dark matter (middle) and stars
(right) in the baryonic simulation. Colorscales are logarithmic, both spanning -

:M10 10 kpc4 8 2– . The baryonic simulation contains» ´3 fewer subhalos than the dark-
matter-only simulation at fixed Vcirc,max , with 13 satellite galaxies at > ´ :M M8 10star

4 .

13 https://bitbucket.org/pbehroozi/rockstar-galaxies
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