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@ICC The cosmic power spectrum: from
0 the CMB to the 2dFGRS
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These problems have all been identified in N-body
simulations that follow only dark matter

Need to consider “baryon effects”
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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

Eagle gives a good
match to observed
stellar mass fn over 5

orders of magnitude in
stellar mass
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EAGLE full hydro Local Group simulations
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The satellites of the MW "D‘-a,rk_mattt'ér:su_bh.efl'c}).s in CDM
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“Missing satellites” problem:

The Milky way has only about 25 satellites

BUT CDI\/I halos have a huge number of subhalos
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The sateIIitesof the MW
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The CDM halo mass function
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‘} B & | The galaxy luminosity function

luminosity function have
different shapes
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Reionization heats gas above T, preventing it

vir,

from cooling and forming stars in small halos

« Supernovae feedback expels residual gas




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
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(~2% of cases)
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@ Luminosity Function of Local
University of Durham Group S atelll teS
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VIR'G._ Far fewer satellite galaxies than CDM halos

EAGLE full
hydro

simulations

Local Group

Sawala et al ‘15



@ICO EAGLE Local Group simulation
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@ICC EAGLE Local Group simulation
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@ICC EAGLE Local Group simulation

Stellar mass functions
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@“;Q EAGLE Local Group simulation
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@“;(; EAGLE Local Group simulation
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@“;(; EAGLE Local Group simulation
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Is there a “satellite problem” in CDM?

No, when galaxy formation is taken into account!
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Rotation curves of Aquarius subhalos
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U]CC To-big-to-fail in CDM: baryon effects
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+4)BCC| Too-big-to-fail: the baryon bailout
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1) BCLC | Too-big-to-fail: the
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Is there a "too-big-to-fail” problem in CDM?
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 The core-cusp problem &

“Ceusp” probl:
CDM halos & subhalos have cuspy profiles

BUT: kinematical data are said to “show” that the
dwarf satellltes of the Mllky Way have cores
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(1) centrally concentrated, high
[Fe/H]

(i) extended, low [Fe/H]
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+JBCLC |The DM halo of the Sculptor dwarf

University of Durham

Strigari, Frenk & White ‘14

Distribution function analysis of 2 metallicity pop. data of Battaglia et al.

__Ps
Assume pops in equil. in NFW halo: ~ A(7) = L
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Parametrize: 9(J) = RJB) + (%) ]
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Find best-fit parameters using MCMC
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€L | The DM halo of the Sculptor dwarf
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Cores or cusps in the dwart

sph. satellites of the MW?

How about in field dwarf galaxies?

Data are not as detailed, but some dwarfs have disks:

(i) Rotation curves

(i) 2D velocity fields
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HICC | The diversity of gal rotation curves |
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@“ZC ‘ The diversity of gal rotation curves
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HICC | The diversity of gal rotation curves |
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Are there other baryon effects that could
make cores but are not present in Eagle?
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The cores of dwarf galaxy haloes
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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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HICC | The diversity of gal rotation curves |
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Cores or cusps in dwarf gals?

EITHER (i) dark matter more complex than in any current model

OR (i) current simulations fail to reproduce effects of baryons
on inner regions of dwarfs

AND/OR (iii) the mass profiles of “inner mass deficit” galaxies
inferred from kinematic data are incorrect.



+JBCL | Four problems for CDM on
small scales?

1. The “missing satellites” problem
2. The “too-big-to-fail” problem
3. The “core-cusp” problem

4. The “satellite disk” problem

Institute for Computational Cosmology
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The curious case of a thin,
‘rotating” plane of sats in M31

Ibata et al ‘13 found a plane of
15 satellites in Andromeda (out
of 27) of which 13 have the
same sense of rotation

They claim a 4.30 detection

“We find that 0.04% of host
galaxies [in Millennium |l] display
satellite alignments that are at
least as extreme as the
observations, when we consider
their extent, thickness, and
number of members rotating in
the same sense.”
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+HJBCLC  |Finding disks of satellites
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Cautun, Bose, CSF et al. ‘15
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Plane 1: N, =7, P=410

Cautun, Bose, CSF et al. ‘15
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+HJBCLC  |Finding disks of satellites
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Plane 2: N, =11, P =660
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+HJBCLC  |Finding disks of satellites
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Plane 3: N, =15, P =450

Cautun, Bose, CSF et al. ‘15
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+JBCL |The “satellite disk” problem
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+HJBCLC  |Finding disks of satellites
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Plane 1: N, =7, P =410 Plane 2: N, =11, P =660 Plane 3: N, =15, =450

Cautun, Bose, Frenk et al ‘15
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&L | The significance of Ibata’s plane

niversity of Durham Including “trials factor”
significance [O]
e = 1.0 LI L S £ S—
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In random distribution, 1 in 30,000 chance of finding a
plane of 15 sats (out of 27) as thin found by Ibata et al.,
Cautun et al ‘15 with at least 13 having same sense of rotation
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Is there a “satellite disks problem” in
CDM?

No, when statistics are properly calculated

Satellite planes are v. common in ACDM: 5 & 9%
of halos have even more prominent planes than
Milky Way and Andromeda
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A Conclusions

LA

ACDM: great on scales : CMB, LSS, gal evolution

Correct astrophysics - necessary for accurate cosmology

Abundance of sats
Too-big-to-fail
Core-cusp

Disk of satellites
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A Conclusions

ACDM: great on scales : CMB, LSS, gal evolution

Abundance of sats: simply a result
Too-big-to-fail: lower V., in dwarfs by ~15%
Core-cusp: for cores in satellites ( )

Disk of satellites: of inconsistency w. ACDM



No, but we'll keep
trying!



