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Outline

Introduction

Reionization and dwarf galaxies in APOSTLE

The Local Group in a Blazar heated Universe
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LCDM is Largely Successful

LCDM vs CMB
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Multipole moment {

Larson et al. (2011)
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LCDM is Largely Successful

LCDM vs CMB LCDM v

T

100 500
Multipole moment [

Larson et al. (2011) Springel et al. (2005)
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The Eagle simulations§

EVOLUTION AND ASSEMBLY OF GALAXIES AND THEIR ENVIRONMENTS
A project of the Virgo Consortium
-
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But what about small scales?

Satellite galaxies don't fit their predicted CDM halos The "Too Big To [ il Problem Alternatives to CDM become testable

CDM

]

'

.

The stellar - halo moss ratios of sotellite galaxies appeor much higher
than COM requires to mateh the stellar mass and halo moss functions LOM appears to overpredict the number of large
thee missing satedlite probiem 44 satellites that have no observed counterports

WDM

Lovellet al {2012}
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Satellite galaxies don't fit their predicted CDM halos.

E 4 MW dSph
[ v M31 dSph
a dirr

F observed
L satellites

CDM requirement
(Moster et al. 2011)

1010

The stellar - halo mass ratios of satellite galaxies appear much higher
than CDM requires to match the stellar mass and halo mass functions:
the missing satellite problem ++

Pirsa: 16030105 Page 10/48



The "Too Big To Fail" Problem

[ 2.19 x10" M, Al 0.95 10 01 1,99 x10" M

"

1L 132 x10" M,

0.3 0.6 1.0 0.1
r |kpel

Boylan-Kolchin et al. {2011)

CDM appears to overpredict the number of large
satellites that have no observed counterparts.
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Alternatives to CDM become testable

WDM

Lovell-et al. (2012)




Alternatives to CDM become testable

M - | CDM +ycoupling

Boehm et al. (2014)




CDM: Only nearly right?

- CDM is successful on large scales, but appears to
fail on the small scales observed in the Local Group.

- On large scales, the formation of structures is determined by
gravity, but on very small scales, baryonic effects are important.

« |s this a failure of CDM or merely of gravity-only simulations -
can we extend the success of CDM to the Local Enviranment?
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A Project Of Simulating The Local Environment
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But only a few hundred galaxies
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Baryons change the number of both luminous and dark halos

all halos (DMO) all halos (reion.) |
--- L1 — L
- - -2 — 2
L3 L3

w. stars (reion.) w. stars (no reion.)]
L1 -
L2 L2 -

L3

T.S.+ 2015
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..because baryon loss means mass loss

50 100 150
vmm(DMO)[kms*']

Note: reduction by more than universal baryon fraction,
not just outflows, but reduced accretion of both gas and DM
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...and reionization leaves halos dark

no reionization reionization included
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...and reionization leaves halos dark

no reionization reionization included
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...and reionization leaves halos dark

| 8

no reionization reionization included
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...and reionization leaves halos dark

k-

no reionization reionization included
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...and reionization leaves halos dark
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Galaxy formation becomes a race.

Hydrodynamic simulation

Matched DMO simulation

=0)

M(z)/M(z

Luminous Halos, 10%%-10° 3 1 + Luminous Holos, 10%*-10°
Luminous Halos, 10"-10%° N | —— Luminous Holos, 10%-10%°
|l —— Luminous Halos, 10*°-=10" mass |l —— Luminous Halos, 10**=10'"
All Holos, 10*°-10° ) ; All Holos, 10%°=10°
All Holos, 10°=10%3 1zation Al Halos, 10°-10%3
= = = All Holos, 10*°-10'" i = = = All Holos, 10**~10"°

1
z+1

z+1

Lower mass halos formed slightly earlier (hierarchical formation).
Galaxies in low mass halos formed much earlier.

Field galaxies in the lowest mass halos likely to be "escaped” satellites.

1.5.+ 2016a
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Formation times of low-mass galaxies are mass-dependent.

—ry v —
Luminous satellites
—— Luminous field .
- - = Non=luminous satellites 1
—— Non-Iluminous field

All halos

Unlike the total halo population, both sub-populations of luminous and
non-luminous halos show strong mass dependence of formation times.

T.5.+ 20160
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Where most halos are dark, those low mass halos that host
satellite galaxies are strongly affected by tidal stripping.

I T
Dark Satellites 8 < M < 9
Luminous Satellites 8 < M < 9

—— Non—=luminous
Luminous

20 30 40
[kms™']

maox,z=0

In CDM, typical satellite galaxies do not live in typical halos.
T.5.+ 2016a
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Kinematics of satellites can be reproduced in CDM

E A MW dSph
L Y M31 dSph
= O dirr

The partial occupation of halos and the strong stripping bends the stellar - halo
mass relation of galaxies and can reconcile abundance matching with observations.
There is no excess of galaxies, because typical halos are completely dark.

T1.5.+ 2015
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Kinematics of satellites can be reproduced in CDM

1 08 T T —TrTTrTrT
A MW dSph

¥ M31 dSph

o dirr

This work (z=0)
o centrals
« satellites

oM

The partial occupation of halos and the strong stripping bends the stellar - halo
mass relation of galaxies and can reconcile abundance matching with observations.
There is no excess of galaxies, because typical halos are completely dark.

1.5+ 2015
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Kinematics of satellites can be reproduced in CDM

A MW dSph
Y M31 dSph
o dirr

This work (z=0)

o centrals
« satellites

..,1,.010

The partial occupation of halos and the strong stripping bends the stellar - halo
mass relation of galaxies and can reconcile abundance matching with observations.
There is no excess of galaxies, because typical halos are completely dark.

T1.5.+ 2015
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No missing and no surplus satellites
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TS.+ 2016b
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And no "too big to fail" problem

T.5.+ 2016b
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And no "too big to fail" problem

T.5.+ 2016b
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The right satellites in the right halos

1t Draco {1 Carina

CanVen | Fornax Sextans

1 2 £ 1 2 . 1 2
r [kpe] r [kpe] r [kpe]

Selecting purely by stellar mass
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The Local Group with Blazc
N

« 1 APOSTLE volume, low and intermediate resolution

- Simulated with the reference EAGLE model, and with the addition of
"strong" Blazar heating, following Chang et al. (2011) & Puchwein et
al. (2011): uniform Blazar heating rate per unit volume for z < 5.

simulation model Q(z = 0)
[eV Gyr~! cm™3]

no blazar heating 0

weak blazar heating 58 x 10~8
intermediate blazar heating 1.08 x 10~7
strong blazar heating 1.62 x 10~7

(‘23 | a1 :
1“!—';11) (?ﬁ) = 0.03195 X [(] } ‘-)‘ I]

—0.512 x [(14 2)* = 1] 4+ 2.27 x [(1 + z) — 1| T N Pk k)
adopted from Chan+ (2011)
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The Local.Group with Blazars
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