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The Cusp-Core Problem
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Dark Matter Heating
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Stellar Feedback



Image composite credit: Leisa Townsley et al. 2006

Stellar feedback & galactic winds
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Stellar feedback & galactic winds



Read et al. 2016 | Spatial resolution 4pc; mass resolution 300M⊙ 

Simulations | Resolving stellar feedback
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The Cusp-Core Problem 
Revisited
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Measurement | Rotation cuves

LCDM (pure DM)
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Testing Predictions from 
DM Heating Models



Predictions

• Bursty star formation.

• Stars kinematically “heated” along with the dark 
matter ⇒ v/! < 1.

• Radial migration of stars ⇒ age gradients.

[Teyssier et al. 2013; Kauffmann 2014; Sparre et al. 2017]

[Read & Gilmore 2005; Teyssier et al. 2013; Leaman et al. 2012; Wheeler et al. 2017]

[El-Badry et al. 2016; Zhang et al. 2012]

✔
✔

✔



“Smoking gun” evidence 
for DM heating



10�2 10�1 100

r [kpc]

104

105

106

107

108

109

⇢ D
M

[M
�

kp
c�

3 ]

1 Gyr

4 Gyr

8 Gyr

14 Gyr

ICs R
1
/
2

r 1
/
2

Read et al. 2016

Less star formation ⇒ more cusp



Less star formation ⇒ more cusp

ESO/Digitized Sky Survey 2 

Fornax

WLM

Leroy, Nature 2015
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Decreasing star formation⇒More DM cusp! 



Less star formation ⇒ more cusp
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Read et al. 2018 (arXiv:1805.06934)

10�1 100

Radius (kpc)

107

108

109
D

en
si

ty
(M

�
kp

c�
3 )

core

cusp

Draco

�2 �1 0
Log10[rc/kpc]

0.0

0.5

1.0

1.5

2.0

N

0.0 0.2 0.4 0.6 0.8 1.0
�/m (cm2/g)

0

2

4

6

8

10

12

N

SIDM model fit

MNRAS 000, 000–000 (0000) Preprint 3 July 2018 Compiled using MNRAS LATEX style file v3.0

The case for a cold dark matter cusp in Draco
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ABSTRACT
We use a new mass modelling method, GravSphere, to measure the central dark mat-

ter density profile of the Draco dwarf spheroidal galaxy. Draco’s star formation shut

down long ago, making it a prime candidate for hosting a ‘pristine’ dark matter cusp,

unaffected by stellar feedback during galaxy formation. We first test GravSphere on

a suite of three tidally stripped mock ‘Draco’-like dwarfs, placed on orbits similar to

the real Draco around the Milky Way, containing realistic populations of binary stars,

and with realistic foreground contamination. We show that we are able to correctly

infer the dark matter density profile of both cusped and cored mocks within our 95%

confidence intervals. While we obtain only a weak inference on the logarithmic slope

of these density profiles, we are able to obtain a robust inference of the amplitude of

the inner dark matter density at 150 pc, ⇢DM(150 pc). We show that, combined with

constraints on the density profile at larger radii, this is sufficient to distinguish a ⇤
Cold Dark Matter (⇤CDM) cusp – that has ⇢DM(150 pc) >⇠ 1.8⇥108 M� kpc�3

– from

alternative dark matter models that have lower inner densities.

We then apply GravSphere to the real Draco data. We find that Draco has

an inner dark matter density of ⇢DM(150 pc) = 2.4+0.5
�0.6 ⇥ 108 M� kpc�3

, consistent

with a ⇤CDM cusp. Using a velocity independent SIDM model, calibrated on ⇤SIDM

cosmological simulations, we show that Draco’s high central density gives an upper

bound on the SIDM cross section of �/m < 0.57 cm

2
g

�1
at 99% confidence. We

conclude that the inner density of nearby dwarf galaxies like Draco provides a new

and competitive probe of dark matter models.

Key words:

1 INTRODUCTION

The standard ⇤CDM cosmological gives an excellent de-
scription of the cosmic microwave background radiation (e.g.
Planck Collaboration et al. 2014), the growth of structure
on large scales (e.g. Springel et al. 2006; Baur et al. 2016)
and the offsets between mass and light in weak lensing sys-
tems (e.g. Clowe et al. 2006; Harvey et al. 2015). Yet, it
contains two mysterious ingredients – dark matter and dark
energy – that remain elusive. One path to constraining the
nature of dark matter is to probe its distribution on ever
smaller scales, where ⇤CDM is less well-tested and where
differences between competing dark matter models are max-
imised (e.g. Spergel & Steinhardt 2000; Bode et al. 2001;
Baur et al. 2016). This ‘near-field cosmology’ showed early
promise, turning up a host of ‘small scale puzzles’ that con-

? E-mail: justin.inglis.read@gmail.com

tinue to challenge ⇤CDM today (e.g. Bullock & Boylan-
Kolchin 2017). The oldest of these is the ‘cusp-core’ problem:
the inner rotation curves of dwarf irregular galaxies rise less
steeply than expected from pure dark matter structure for-
mation simulations (Moore 1994; Flores & Primack 1994).
This implies that the central dark matter density of these
dwarfs is lower than expected in a pure-dark matter ⇤CDM
cosmology.

Many solutions have been proposed to the cusp-core
problem, falling in to three main classes. The first class
changes the nature of dark matter itself. Such models include
‘Self Interacting Dark Matter’ (SIDM; Spergel & Steinhardt
2000; Rocha et al. 2013; Elbert et al. 2015; Kaplinghat et al.
2016; Schneider et al. 2017; Robles et al. 2017); ‘Warm Dark
Matter’ (e.g. Dalcanton & Hogan 2001; Bode et al. 2001;
Avila-Reese et al. 2001; Lovell et al. 2014; Schneider et al.
2017, but see Macciò et al. 2012 and Shao et al. 2013); ‘fuzzy
DM’ (Hu et al. 2000), ‘fluid’ DM (Peebles 2000) and ‘wave-

c� 0000 The Authors
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Conclusions

Justin I. Read

• Dwarf galaxies with more star formation have lower 
central dark matter densities.

• This suggests that dark matter in dwarf galaxies is 
“heated up” by baryonic processes.

• If so, this solves the cusp-core problem for dwarf 
galaxies in LCDM.

• Draco gives us a new constraint on the SIDM cross 
section: σ/m < 0.57 cm2/g at 99% confidence.


