Impact of Baryonic Physics on the Structure of Dark Matter Halos:
1
the View from the FIRE Cosmological Simulations
Tsang Keung Chan , Dušan Kereš and the FIRE collaboration
*

*

* Department of Physics, Center for Astrophysics and Space Sciences, University of California at San Diego
Email: (TKC) tkc004@physics.ucsd.edu; (DK) dkeres@physics.ucsd.edu

Introduction
Although the Lambda Cold Dark Matter model (ΛCDM) is successful on the large
scale of the universe, dark matter (DM) only simulations cannot reproduce recent
observations of dwarf galaxies, leading to the “Cusp/Core” and “Too Big to Fail”
problems.
We investigate how baryons modify the shapes of dark matter halos through stellar
feedback and baryonic contraction. We show how these processes can
simultaneously alleviate these problems.

The FIRE Simulations

Evolutions of DM profiles
1. Strong bursts of star formation are correlated with DM ejections.
2. Cores begin to form at early times but are established typically at later times, when
halos enter the period of slower growth (see also Oñorbe et al. 2015).
3. Even if feedback ejects DM at early times, baryons can dominate and contract DM
halos in the center in more massive halos at later times.
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PSPH: fully conservative, pressure-entropy based smoothed particle hydrodynamics
Gravity solver: updated version of the PM+Tree algorithm from Gadget-3
Comprehensive baryonic physics:
a. ionized+atomic+molecular cooling
b. star formation in dense bound molecular gas
c. physical stellar feedback,
e.g. radiation pressure, supernovae,
stellar wind, photo-ionization,
and photo-electric heating

website:
fire.northwestern.edu

Simulation set:
1. Cosmological zoom-in simulations.
2. Isolated f ield galaxies from dwarf to Milky Way size galaxies.
3. DM only simulations with the same initial conditions as a comparison set.

How Baryons Shape DM Halos
Stellar feedback, especially supernova, drives strong gas outflows, resulting in quick
changes in gravitational potential. This can effectively inject energy into dark matter
orbits and flatten the central dark matter profiles throughout several outflow episodes
(e.g. Pontzen & Governato 2012).
Baryonic contraction: Cooling enables baryons to fall into halo center. When baryons
dominates the inner potential well, they contract the DM halo (Blumenthal et al. 1986).

Central DM profiles and Slopes
Major Results:
1. Feedback and baryonic contraction in Milky Way-mass halos produce DM
profiles slightly shallower than the Navarro-Frenk-White (NFW) profile (see
Figure 1 & 2).
2. The inner slope of the DM halo profile (α)† shows a strong mass dependence:
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Figure 2. (Left) Dark matter density slope , α, within 1-2% of the virial radius at z = 0, Rv0, as a
function of redshift/cosmic time. (Right) Time evolution of the enclosed dark matter mass in DM
only (black dash-dotted) and hydrodynamical simulations with feedback (blue dashed) within
2%Rv0 and time evolution of the star formation rate (red solid) with 10%Rv0.

Observational Consequences
Match observed DM cores in dwarfs:
Cusp or Core?
Observed field dwarf galaxies have flat DM profiles
near the center, in contrast with the cuspy NFW
profiles, predicted from N-body simulations.

Alleviate the Too Big To Fail problem:
Too Big To Fail?
The observed satellite galaxies of Milky Way and
Local Group dwarfs have much lower central
circular velocities than sub-halos from DM only
simulations (Boylan-Kolchin et al. 2011; GarrisonKimmel et al. 2014).

How is it alleviated?
Stellar feedback reduces central DM densities and
flattens inner DM density profiles, especially in halos How is it alleviated?
with M* ~ 106 -108Msun, as seen in Figure 3.
Feedback strongly reduces circular velocities in the
central few hundred pc with respect to DM only
simulations, as shown in Figure 4.
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profiles are shallow at Mh ~ 10 -10 Msun (M* ~ 10 -10 Msun) and steepen at
higher/lower masses (see Figure 1 & 3).
3. Stellar feedback in dwarf galaxies lowers the central density of DM, which
significantly reduces the rotational velocity near the center when compared to DM
only simulations (see Figure 4).

MW satellites: Strigari+07; Walker+09; Wolf+10
Local Group: Kirby+14

Figure 3: Slope of dark matter density profile†,

Figure 1. Dark matter density profiles of halos at z = 0 in DM only (black
dashed) and hydrodynamical simulations with feedback (red solid). The halo
masses are shown in the brackets.

† we fit the inner DM density profile with a power law with exponent α (r ) within the given range.
α
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α, from οur simulations (measured at r = 0.30.7kpc) compared with observations (typically
measured at a few hundred pc; Walter et al.
2008 and Hunter et al. 2012).

Figure 4: Rotation curves showing TBTF:
black,thin:
M* = 2.3e6 Msun
blue,normal: M* = 1.7e7 Msun
green,thick: M* = 7.9e7 Msun
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