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Fig. 1. Histograms in different r-bins for one realisation of r and v of the sample, compared with f (v|ve , k) (blue line), where ve is derived for that
particular bin and k = 3.

any reasonable Galactic potential (see below). The value of the
escape velocity at the Sun is
ve (r ) = 580 ± 63 km s−1 .

(4)

The error bar increases for the farthest bins, especially the outermost bins that are less densely populated.
We then compared the results obtained with the StarHorse
code with the distance estimates by McMillan (2018). We used
the same counter-rotating stars as selected in Section 2, but with
the velocities v and radii r, computed with the new distances.
The results in different bins are also shown in Fig. 2 with red
dots and associated error bars. The results for all bins are very
similar to the results obtained with the StarHorse distances.
The escape velocity at the Sun is estimated in this case to be
ve (r ) = 593 ± 76 km s−1 . However, the farthest bins do not
contain enough stars to perform the analysis. With the McMillan distances it is not possible to go very far from the Sun because the distance quality degrades rapidly and the bins in our
sample rapidly become empty, while the multiband photometric
information used in StarHorse allows us to achieve accurate
distances deeper inside the Galaxy.

5. Dark matter halo mass and concentration
The escape velocity is in principle defined as the velocity necessary to bring a star to infinity. If Φ(x) is the potential of the
Galaxy at some position x, and Φ → 0 at infinity, then
p
ve,∞ (x) = 2|Φ(x)|.
(5)
However, it is unphysical to think that stars faster than ve derived
in the previous section can reach infinity; they will instead turn
around beyond some very large distance. On the basis of simulations, P14 chose this distance to be 3r340 , where r340 is the
spherical radius within which the average density of the whole
Galaxy is equal to 340 times the critical density at redshift 0,
ρc = 3H 2 /8πG,

(6)

where we take H = 73 km s Mpc . The distance 3r340 approximates the virial radius of the Galaxy.
To model the escape speed, we used the Milky Way potential
model III of Irrgang et al. (2013), which fits a number of observables of the Milky Way. As our estimates of the escape speed
depend only on the spherical radius, we computed the Irrgang
potential only within the Galactic plane1 , so that it depends on
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The escape speed estimated in the Galactic plane or towards the
Galactic pole at a fixed r can differ by a few tens of km s−1 , which
is included in the error bars of our estimate of the escape speed.

r alone, that is, Φ(r). The escape speed can in this case be modelled as ve,∞ (r) or as
ve,340 (r) =

p

2|Φ(r) − Φ(3r340 )|,

(7)

the latter being more meaningful in a cosmological context. We
kept the Irrgang model III disc and bulge potentials fixed and
varied the parameters of the NFW halo, which we chose to describe with its ‘virial’ mass M200 and its concentration c200 , both
estimated at r200 , the radius where the average density of the
dark halo reaches 200 times the critical density ρc . As an additional constraint, we imposed that the circular velocity at the
Sun is vc (r ) = 240 km s−1 , as in the assumptions that we used
to transform l.o.s. velocities and proper motions to v. We obtain
a fit using a χ2 minimisation, with the points weighted according
to their error bars. The best-fit model corresponds to the orange
line and orange 1σ error bands in the left panel of Fig. 3. The error bands are obtained using the χ2 statistics. The best-fit model
12
+3.41
has M200 = 0.97+0.47
−0.36 × 10 M and c200 = 12.63−2.09 if the fit is
made assuming the ve,∞ interpretation of the escape speed, and
+2.94
12
M200 = 1.28+0.68
−0.50 ×10 M and c200 = 11.09−1.79 if the fit is made
with the more realistic ve,340 (shown in the figure).
However, N-body simulations in ΛCDM cosmology display
a relation between the halo concentrations and their mass (Dutton & Macciò 2014),
log10 (c200 ) = 0.905 − 0.101 log10 (M200 /[1012 h−1 M ]),

(8)

where h = H/(100 km s−1 Mpc−1 ). We repeated the fit using
this relation. In this case, the relation between M200 and c200
no longer guarantees that vc = 240 km s−1 at R . We note
that the value of the circular velocity at the solar circle is degenerate with the actual peculiar velocity of the Sun, so that a
lower value of the circular velocity and a higher value of V
(e.g. Bovy et al. 2015) are still compatible with our assumptions. The fit is shown in the right panel of Fig. 3 with the blue
line and blue 1σ error bands. The best-fit model in this case is
12
M and c200 = 8.17+0.33
M200 = 1.16+0.47
−0.38 × 10
−0.28 in the ve,∞ in12
terpretation, and M200 = 1.55+0.64
×
10
M
, c200 = 7.93+0.33
−0.27
−0.51
in the more realistic ve,340 interpretation. In the former case,
the circular speed is still well behaved in the Galaxy and corresponds to vc (r ) = 228 km s−1 . Such a high mass for the
Milky Way dark matter halo is expected from abundance matching. Behroozi et al. (2013) estimated that log(M200 ) ' 12.25
should correspond to a stellar mass of between 3 × 1010 M and
5.5 × 1010 M .
Finally, in Fig. 4 we show with a blue line the fit to the escape velocity points that we obtained with a quasi-isothermal
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