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FIG. 1. Dark matter density and velocity-dispersion (inset) profiles at t = 10 Gyr for Dwarf 1 (left) and Dwarf 2 (right).
The orange bands show cored isothermal density profiles from the fits to stellar kinematics of Draco (left) and Fornax (right)
at 95% CL [33].

For the stellar disk, we use the Miyamoto-Nagai po-

tential �MN = �GMd/
q
R2 + (Rd +

p
z2
d
+ z2)2 [46],

where Md = 6.98 ⇥ 1010 M� is the disk mass, Rd =
3.38 kpc is the disk scale length, and zd = 0.3 kpc is the
disk scale height. In addition, we include a Hernquist
bulge potential �H = �GMH/(r+rH) [47], whereMH =
1.05 ⇥ 1010 M� is the bulge mass and rH = 0.46 kpc.
We model the main halo using an NFW profile [48] with
the maximal velocity Vmax = 200.5 km/s and the associ-
ated radius rmax = 43.4 kpc, and the corresponding halo
mass is M200 = 1.4⇥ 1012 M�. With these parameters
chosen for the main halo and the baryonic component,
we can reproduce the MW mass model presented in [49],
in accord with measurements of MW stellar kinemat-
ics and the local dark matter density. In principle, one
should also include the self-scattering e↵ect for the main
halo. However, for a MW-like galaxy, where the baryons
dominate the central regions, an SIDM halo profile can
be similar to an NFW one, because SIDM thermaliza-
tion with the baryonic potential increases the central
dark matter density [16, 18, 20, 42]. We have checked
that the NFW halo we take here is a good approxima-
tion to the SIDM MW halo constructed in [20]. We also
note that the host potential does not evolve with time.

We use an NFW profile to model the initial dark mat-
ter distribution in subhalos and choose the following
three sets of initial conditions. Dwarf 1: its characteris-
tic maximal circular velocity and associated radius are
Vmax = 28.8 km/s and Rmax = 1.9 kpc, respectively.
And the corresponding halo mass is M200 = 2⇥ 109M�
and concentration c200 = 29.5, evaluated at redshift 0;
Dwarf 2: Vmax = 47.6 km/s and Rmax = 6.8 kpc, or
equivalently M200 = 1.5 ⇥ 1010 M� and c200 = 16.5;
Dwarf 3: Vmax = 26.7 km/s and Rmax = 2.5 kpc, or

M200 = 2⇥ 109 M� and c200 = 22.9. Note Dwarf 3 has
the same initial halo mass as Dwarf 1, but its concen-
tration is slightly lower. We use the code SPHERIC [50]
to generate initial conditions for the subhalos.

For Dwarf 1 and 3, we simulate CDM and SIDM cases
with �/m = 3 cm2/g, 5 cm2/g and 10 cm2/g, and fix
the pericenter as 26.5 kpc to be consistent with Draco’s,
28+12

�7
kpc, estimated from Gaia DR 2 [44]. For Dwarf 2,

we perform the CDM run as well as SIDM with �/m =
3 cm2/g, and take the pericenter as 46 kpc, motivated
by Fornax’s 58+26

�18
kpc [44]. We place the initial subhalo

at a distance of 230 kpc from the center of the main halo
at t = 0, and confine the orbit in the plane of the stellar
disk. For each subhalo, we choose a “kick” velocity,
which is perpendicular to the line connecting the center
of the main halo and the subhalo, so that we can obtain
the desired pericenter distance; see Appendix for the
orbital trajectory of Dwarf 1. We perform simulations
with total number of particles Np = 106 for Dwarf 1 and
3, and Np = 5 ⇥ 106 for Dwarf 2, yielding equivalent-
Plummer gravitational softening length of 25 pc.

A case for Draco and Fornax. We first highlight
that the SIDM model with a fixed cross section could
explain both Draco and Fornax, although their central
dark matter densities di↵er significantly.

Fig. 1 (left) shows the density and velocity-dispersion
profiles (solid) at t = 10 Gyr for Dwarf 1. In all cases,
the MW’s tides significantly strip away halo masses and
lower densities in the outer regions. All of them have
similar density profiles for r >⇠ 1 kpc, but their cen-
tral densities are di↵erent. For CDM, the inner profile
is resilient to tidal stripping and remains cuspy as the
initial one (dashed), consistent with earlier findings [34–
36]. While for SIDM, the central density increases with


