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The MW rotation curve
as inferred from Gaia DR2
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T Eilers et al. (2019) ¥  Watkins et al. (2019)
B Callingham et al. (2019) ¢ Eadie & Juric (2018)
¢ Posti & Helmi (2019)
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The Local DM distribution
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MW mass model

- Stellar bulge

- Thin stellar disc
- Thick stellar disc

- Hl and molecular gas discs

- Hot gas (CGM)
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How to model the Galactic DM halo
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Adding baryons

0.7 1 2 3 5 7 10

MW-mass haloes
IN 3 simulations:

- Auriga
- APOSTLE
- EAGLE.

Grand+ 2017 MC+ 2019
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Modelling the DM halo response to baryons
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The Galactic DM halo

Taking the MW stellar and gas masses MY = 5.0 x 101°M,,
(which | will describe in a few slides): Mé\gggas — 1.2 % 1010M®
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The Galactic DM halo
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MW components

+ Baryon contracted spherical DM
halo

- Hernquist bulge (Bissantz & Gerhard 2002)
- Exponential thin stellar disc
- Exponential thick stellar disc

- Hl and molecular gas discs

- CGM (hot gas)
MC+ 2019

Dehnen & Binney (1998);
Klypin+ (2002); McMillan

Complete MW mass model (011 2017); Bowy+

(2012); Katle+ (2014)

Free parameters

- NFW halo before applying baryonic

contraction; Mass & concentration

- Mass

- Mass & scale length

- Mass & scale length

- Fixed from observations (Kalberla & Dedes 2008)

- Fixed from hydrodynamical simulations

Marius Cautun
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The MW rotation curve

T Eilers et al. (2019) T  Watkins et al. (2019)
B Callingham et al. (2019) ¢ Eadie & Juric (2018)
¢ Posti & Helmi (2019)
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Best fitting MW mass model

T Eilers et al. (2019) I Watkins et al. (2019)
B Callingham et al. (2019) ¢ Eadie & Juric (2018)
¢ Posti & Helmi (2019)
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MW components

50

Contracted halo model
e total e Stars Bovy & Rix (2013)
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] Eilers et al. (2019) ¥ Watkins et al.
B Callingham et al. (2019) )
¢ Posti & Helmi (2019)

2019
Eadie & Juric (2018)
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Best fitting MW mass model
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Best fitting MW mass model
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MW stellar distribution
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Local DM density

DM density at the Sun, ppm o [GeV /cm?]
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Which DM halo model is preferred.:
a contracted or a NFW profile?

Contracted

halo NFW halo

Theoretical predictions

Fit to the MW rotation NFW model has 2 times
curve data lower likelihood
In NFW model the MW Is
Abundance matching a 2 sigma outlier in the

Mstar—M halo re|ati0ﬂ

Escape velocity at NFW model predicts a
Sun’s location too low escape velocity

MC+ 2019
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Which DM halo model is preferred.:
a contracted or a NFW profile?

Observable Study Cont. NFW Lratio
halo halo
Theoretical predictions’ — v —
Fit to MW rotation curve (1) v 2.1
Stellar disc mass (2) v 1.4
Abundance matching (3) v 3.2
(4) ve 2.0
Baryon surface density (5) v 1.7
at Solar position (6) v 3.5
Escape velocity (7) v 1.2
at Solar position (8) v 1.7

References: (1) this work, (2) Bland-Hawthorn & Gerhard (2016), (3)
Moster et al. (2013), (4) Behroozi et al. (2013), (5) Read (2014), (6) McKee
et al. (2015), (7) Deason et al. (2019b), (8) Grand et al. (2019b).

I Many hydrodynamical simulations find that the DM halo profile changes
in the presence of baryons (e.g. Gnedin et al. 2004; Abadi et al. 2010; Dufty
MC+ 2019 et al. 2010; Schaller et al. 2015; Dutton et al. 2016).
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Summary

- The baryons lead to a contraction in the inner regions of the DM haloes. For the
MW, it predicts a 1.3, 2 and 4 times increase in the DM density at respectively
20, 8 and 1 kpc.

- The MW rotation curve is well fitted by a contracted DM halo model with

ters:
PEETER MPM = 10+£02%x102M,  DPM—g2+ 1.6

otal _
MR =1.1+0.2 x 10"*M,

This is spot on the LCDM prediction for the mass—halo concentration.

- An NFW halo model fits the data almost as well, but very different stellar mass
estimates for the MW.
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