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Subgrid modules in EAGLE
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The Eagle Simulations SB

EVOLUTION AND ASSEMBLY OF GALAXIES AND THEIR ENVIRONMENTS

The Hubble Sequence realised in cosmological simulations

Irr Trayford et al ‘14



Galaxy stellar mass function
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Galaxy sizes

Projected half-mass radius
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A Project Of Simulations of The
Local Environment (APOSTLE)

Carlos S. Frenk

Institute for Computational Cosmology,
Durham
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» Reionization heats gas to ~10°K preventing it
from cooling and forming stars in small halos
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HICE
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Luminosity Function of Local
Group Satellites

® Median model - correct
abund. of sats brighter than
M,~=-9 and V> 12 km/s

® Model predicts many, as yet
undiscovered, faint satellites

®* LMC/SMC should be rare
(~2% of cases)
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APOSTLE
EAGLE full
hydro
simulations

Local Group
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Sawala et al ‘15



g Stars
VIRGS

APOSTLE
EAGLE full

hydro
simulations

Local Group

Far fewer satellite galaxies than CDM halos
Sawala et al ‘15
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@n;q; EAGLE Local Group simulation
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V‘ University of Durham

1JECC Fraction of dark subhalos
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Is there a "missing satellite problem” in
CDM?




Dark matter halos and subhalos in CDM have

cuspy NFW profiles
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We derive the mass density profiles of dark matter halos that are implied by high spatial resolution
rotation curves of low surface brightness galaxies. We find that at small radii, the mass density distribu-
tion is dominated by a nearly constant density core with a core radius of a few kpc. For p(r) ~ r®, the
distribution of inner slopes « 1s strongly peaked around o = —0.2. T'his 1s significantly shallower than
the cuspy a < —1 halos found in CDM simulations. While the observed distribution of a does have a
tail towards such extreme values, the derived value of « is found to depend on the spatial resolution of
the rotation curves: a =~ —1 is found only for the least well resolved galaxies. Even for these galaxies,
our data are also consistent with constant density cores (a = 0) of modest (~ 1 kpc) core radius, which
can give the illusion of steep cusps when insufficiently resolved. Consequently, there is no clear evidence

The core-cusp problem

MASS DENSITY PROFILES OF LSB GALAXIES
W.J.G. pE BLok! 2001

Australia Telescope National Facility
PO Box 76, Epping NSW 1710, Australia
STACY S. MCGAUGH
Department of Astronomy, University of Maryland
College Park, MD 20742-2421, USA
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Draft version February 1, 2008
ABSTRACT

for a cuspy halo in any of the low surface brightness galaxies observed.
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Four rotation
curves that
are well fit by
ACDM
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(from dwarfs
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R ‘ The diversity of gal rotation curves
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HECC | The diversity of gal rotation curves |
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@“ZC ‘ The diversity of gal rotation curves
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LB ‘ The diversity of gal rotation curves ‘

niversity of Durham

Most galaxies 100
are well fit by
EAGLE;
others not fit
by any
simulation

s ]

r

10
Oman et al. ‘15

r  DMO sims: LG-MR
* DMO sims: LG-HR
s DMO sims: EAGLE-HR

Dark

matter

T

®  Hydro sims: LG-MR
Tl # Hydrosims: LG-HR

& Hydro sims: EAGLE-HR

Hydro s+

(EAGLE)336-"

7

DMO

&N °

Observations (Reyes+2011)
Observations (optical)
Observations (HI)
Observations (Mi+optical)

Y
AA

" SR _
.'..-‘.' If massis |
'~ o removed from

:  inner 2 kpc |

10

100

‘/max [km S—l]



Are there baryon effects that could make
cores but are not present in Eagle?



Mon. Not. R. Astron. Soc. 283, L72-L78 (1996)

The cores of dwarf galaxy haloes

Julio F. Navarro,"** Vincent R. Eke? and Carlos S. Frenk®

'Steward Observatory, The University of Anizona, Tucson, AZ 85721, USA
*Physics Department, University of Durham, South Road, Durham DHI 3LE

Accepted 1996 September 2. Received 1996 August 28; in original form 1996 June 26

ABSTRACT

We use N-body simulations to examine the effects of mass outflows on the density
profiles of cold dark matter (CDM) haloes surrounding dwarf galaxies. In particular,
we investigate the consequences of supernova-driven winds that expel a large
fraction of the baryonic component from a dwarf galaxy disc after a vigorous episode
of star formation. We show that this sudden loss of mass leads to the formation of
a core in the dark matter density profile, although the original halo is modelled by
a coreless (Hernquist) profile. The core radius thus created is a sensitive function of
the mass and radius of the baryonic disc being blown up. The loss of a disc with mass
and size consistent with primordial nucleosynthesis constraints and angular
momentum considerations imprints a core radius that is only a small fraction of the
original scalelength of the halo. These small perturbations are, however, enough to
reconcile the rotation curves of dwarf irregulars with the density profiles of haloes

formed in the standard CDM scenario.




Baryon effects in the M\ satellites
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Figure 3. Equilibrium density profiles of haloes after removal of the disc. The solid line is the original Hernquist profile, common to all cases.
The dot-dashed line is the equilibrium profile of the 10 000-particle realization of the Hernquist model run in isolation at ¢ =200. (a)

M =02. (b) My =0.1. (¢) M. =0.05.
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HECC Cores in dwarf galaxy
y simulations
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HECC | The diversity of gal rotation curves |
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HECC | The diversity of gal rotation curves |
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Rotation curves of 2 APOSTLE dwarfs

APOSTLE galaxies all have NFW cusps
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Conclusions

EAGLE/APOSTLE produces:

a galaxy population with correct mass function/size
distribution

the correct MW and M31 satellite luminosiy functions

no galaxies in halos of M<10°M,

no cores in halos of any galaxies (including dwarfs)
Cores in halos can be produced by non-EAGLE baryon effects

Cores can be incorrectly inferred from 2D gas kinematical data
because of non-circular motions



