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Why it is important
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Table 2. Best fit parameters and relative errors for the α vs M⋆/Mhalo

relation. The reduced Chi-Square is also listed.

radial range n log10x0 β γ χ2
r

0.01 < r/Rvir < 0.02 0.132 −2.051 0.593 1.99 1.16
±0.042 ±0.074 ±0.086 ±0.32

1 < r/kpc < 2 0.168 −2.142 0.699 1.56 1.29
±0.031 ±0.133 ±0.213 ±0.12

3 < r/ϵ < 10 0.231 −2.209 0.494 1.49 1.28
±0.043 ±0.064 ±0.055 ±0.55

the M⋆/Mhalo value within 1 kpc is fairly constant at every red-
shift, reaching only 0.1 at z = 0; the fraction of gas vs stars at the
center is always very high, making possible the core creation since
there is enough gas per total mass (or stellar mass) to be efficient in
flattening the profile.

This process does not occur in the cuspy version g15784 fidu-
cial (red triangle), which has a constant SFR after 11 Gyrs and its
M⋆/Mhalo ratio within 1 kpc increases up to 0.4 at z = 0: the
increasing amount of stars at the center causes the gas vs stars ra-
tio to become very low, therefore the gas available for the outflows
is not sufficient to be effective at flattening the profile because the
potential well has been deepened by the stars.

We note that the total amount of gas in the inner 1kpc is similar
in both the cored and the cuspy medium mass versions of g15784:
it is not the absolute amount of gas which regulates the cusp/core
transition, but its relative value compared to the total (or stellar) in-
ner mass. We conclude that stellar mass at the galaxy center and in
particular the ratioM⋆/Mhalo is the most important quantity at in-
dicating the deepening of the gravitational potential which balances
the energy released from SNe.

The relationship shown in Fig. 3 can be analytically modelled.
We use a four parameter, double power law function, whose best fit
is shown in Fig. 3 as a dashed black line:

α(X) = n− log10

[

(

X
x0

)−β

+

(

X
x0

)γ
]

, (3)

where X = M⋆/Mhalo while β and γ are the low and high star
forming efficiency slopes. The best fit parameters, summarized in
Table 2, were obtained using a χ2 minimization fitting analysis.
The same dependence, but with different normalization, is obtained
for the various criteria used to define the inner radial range, also
shown in Table 2.

Fig. 4 shows the abundance matching relationship of
M⋆/Mhalo as a function of Mhalo color coded according to the
expected value of DM inner slope when α is measured at 0.01 <
r/Rvir < 0.02. The halo mass at which the flattest DM profiles are
expected to be found, corresponding to a peak M⋆/Mhalo = 0.5
per cent, isMhalo ≈ 1010.8M⊙. The profile becomes increasingly
cuspy, approaching the NFW value for galaxies near the MilkyWay
mass: only galaxies withM⋆/Mhalo > 3.8 per cent, which is the
peak in the abundance matching prediction, are contracted. Such
galaxies are outliers in the Universe.

3.3 Core creation

We next examine which mechanism is responsible for the creation
of cores, using the three simulations shown in Fig. 1 as case stud-

Figure 4. The abundance matching prediction color coded according to the
expected value of the DM inner slope at every halo mass. We used the best
fit parameters of α measured between 0.01 and 0.02 of each galaxy’s virial
radius.

ies. As outlined in §1, core formation from stellar feedback de-
pends on repeated starbursts that are able to move gas enough to
have a dynamical effect on the dark matter (Read & Gilmore 2005;
Governato et al. 2010; Macciò et al. 2012; Pontzen & Governato
2012; Teyssier et al. 2013).

The four panels of Fig. 5 show how some relevant quantities
vary as a function of lookback time. From top to bottom we present:
(i) the star formation history, which shows clear starbursts that can
drive outflows; (ii) the gas mass within a sphere of 1 kpc from the
center of the galaxy, which shows when the gas has been driven out
of the galaxy centre; (iii) the distance ∆ between the position of
the dark matter and gas potential minima, which shows how much
the baryonic centre of mass moves around; and (iv) theM⋆/Mhalo

value that determines α.
The medium mass version of g5664 that uses the fiducial

MaGICC feedback (red dashed line) has the flattest density profile
at z = 0, so we expect it to have the most violent history. Indeed,
it has a bursty star formation history (multiplied by 100 to get it
into the same range as the other galaxy star formation histories),
and a star formation efficiency,M⋆/Mhalo, that stays near the op-
timal value for cores, between ∼ 0.35 and 0.5 per cent throughout
its evolution. A couple of the bursts of star formation cause sig-
nificant gas loss from the inner 1 kpc, which results in consistent
offsets between the positions of the center of gas and dark matter
distributions.

The medium mass version of g5664 that uses the low feedback
MUGS physics (dashed black line) is the most contracted galaxy of
this set. Other than a peak of star formation rate at an early time,
corresponding to its peak dark matter accretion, its star formation
history is a smoothly declining exponential. This early star forma-
tion quickly drives the efficiencyM⋆/Mhalo to values higher than
10 per cent, which, according to Fig. 3, leads to a cuspy density pro-
file. The high amount of stars already formed 11 Gyrs ago within
this galaxy creates a deep potential well which suppresses the ef-
fects of stellar feedback, so that little gas flows out of the inner
regions and the DM and gas distributions share the same centre of
mass throughout the galaxy’s evolution.

Perhaps the most interesting case is that of the fiducial high
mass g5664 galaxy (red solid line). At z = 0 its dark matter pro-
file is slightly contracted compared to the NFW halo, but less con-

c⃝ 2010 RAS, MNRAS 000, 1–10
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Why it is important
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Indirect DM searches
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Dynamics of the MW
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stars and gas
DM



Tracers of the total potential 
(rotation curve)

In the very inner part                    we have  triaxial  bulge and   
  nonaxisymmetric features of the Galactic bulge.          
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bovy & Rix’13

 FERRIERE’98 &  FERRIERE ET AL.’07
STANEK ET AL.’96

Compilation of MW RC
R� = 8.34 kpc
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Compilation of MW RC
R� = 8.34 kpc
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Keep in mind that the  
baryonic RCs have  
systematic uncertainties



Methodology 
standard approach

see e.g. Sofue & Rubin’01, Catena & Ullio’09…

total gravitational potential:

�
total

�bar �dm= +

DM potential assuming spherical symmetry:

gNFW DM density profile:
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�dm = �GMdm(r)

r2
Mdm(r) = 4⇡

Z R

0
⇢dm(r)r2dr

R0 - Sun’s position
⇢0 - density at Sun’s location



Methodology 
standard approach

see also e.g. Sofue & Rubin’01, Catena & Ullio’09…
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Methodology 
standard approach

see e.g. Sofue & Rubin’01, Catena & Ullio’09…

total gravitational potential:
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gNFW DM density profile:
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Our free parameters: � ⇢0 rs



MCMC-based reconstruction
�2Ln(L) / �2

where
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2.17± 0.4738± 4M�/pc
2

Pato et al.’15
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0.42± 0.03 GeV/cm3
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MCMC-based reconstruction
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MCMC-based reconstruction
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our estimate

J. Read’14



0.42± 0.03 GeV/cm3
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MCMC-based reconstruction

⇢0 =

rs

� IS that the real value?



MCMC-based reconstruction and mock RCs

The idea is to test the MCMC-based reconstruction by creating mock 
rotation curves based on “underlying known” DM profiles (+ visible) 
and with the same statistical properties of the observed RC

We use the following way to create the mock data:

and

X
is the standard random gaussian variable with mean=0 and std dev=1 and        is the error 
 of the observed total RC

�
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V
mock

= V
fiducial

+X �

Vfiducial = Vbar + VgNFW
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MCMC-based reconstruction and mock RCs
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MCMC-based reconstruction and mock RCs



MCMC-based reconstruction and mock RCs
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true parameters



Do I perform well in all cases (also extreme DM profiles)? 

Which parameter space is reconstructed better? 

What is the best estimator (median, mode, mean)? 

Does the estimator depend on the position in the parameter space? 
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MCMC-based reconstruction and mock RCs



Results
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Results
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• the reconstructed value of the local DM density is always compatible 
 with the actual within ~8% 

ConclusionsPRELIMINARY

• somewhat larger values of the inner DM density slope are better  
reconstructed 

• to analyse the MCMC-based results of the actual RC on the basis of mock data 

• to investigate how the DM parameters vary by varying the morphology of of the baryonic components 

• to include the DM halo oblateness in the mock data

Further steps


