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Desiderata...

The inflationary era (what kind of fields,
potentials, energy scales)

Dark energy (what is it, what energy scales)
Ultra-light fields (neutrinos, ultralight axions)

The dark matter (what kind of dark matter
particle, cross section)

Gravity (what is it, precision tests)
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Background cosmology: parameters
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Background cosmology: deceleration
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Background cosmology: CMB
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Large scale structure: CMB
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Large scale structure: cosmic web
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Large scale structure: cosmic web
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Linear versus non-linear

Courtesy of Devriendt & Slyz 2014
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Data: the State of the Universe

Simple flat ACDM model still fits (most) data

New data from Planck rules out array of possible
deviations, strengthened with improved BAO.

Some mild tensions between CMB and low redshift
measures (clusters, Ho).

Lensing (both galaxy and CMB) starting to play role in
‘best’ constraints. First measure of H| spectrum made.

Little knowledge of DE behaviour; need future
measurements.
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Data: CMB
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Data: CMB
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ACDM

Parameter Value (68%)
wyh? 0.02207 + 0.0003
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Initial Conditions: Inflation
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Initial Conditions: BICEP2
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Initial Conditions: BICEP2
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Data: Baryon Acoustic Oscillations
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Dark Energy: Supernovae la
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Dark Energy: CMB+SN+BAOs

W = Wy + we(l — a)

test of curvature time evolution of equation of state
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Dark Energy: CMB+SN+BAOs
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Dark Energy: CMB+SN+BAOs
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Dark Energy: CMB+BAOs vs SN
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Dark Energy: CMB Weak Lensing

Measure curvature and /\ from
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Dark Energy: model discrimination?
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Ultra light fields: Neutrinos
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Ultra light fields: Neutrinos
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Ultra light fields: Neutrinos

Dy(z=0.57)/ry

Dy(2=2.34)/ry4

2. my(eV)

T\ 92
225 | /\ \ S
| \%/
=220 1 S
T Ny 9"
$215 A\ 3
Q 4 \ \| \\\ Q ‘e
21.0 / \ | |
| [ 1\1 \ 8.4
20.5 ‘1 \ k |
85 90 95 100 105 110
DM(I.=O.57)/I"I
| | | |
4.8 I Planck-+WP+highL .
Planck+WP+highL+BAO
=
| | | |
0.0 0.2 0.4 0.6 0.8 1.0
Y m, [eV]
Planck 2013

11.5 120 12.5 130
D."(Z=2 34 )/I'd

0.90

4.0 45

Aubourg et al (2014)

w== Lyman-a BAO + Planck (full, Ng.r)
= BAO + Planck (full, N4, 7)

0.85}

0.80+

Friday, 14 November 14



Ultra light fields: ultra-light axions
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Ultra light fields: ultra-light axions

GOOO
; —— ACDM (m, — 0) o
_ Q. /=1 myg= 10 AoV /\
_A,—"U““ C— /=1, my =107V R
T ](]l :-'/"‘ 2,/Q1 =1, my; =10 ® oV \l
:E_, ‘:'-1“()“ Q. /=1 m,=5x10 & g‘\' t.’.
= 3 o/ =1, my = 105 ¢V |
n g ol ¢ Planck o :
ST e NC'DN (12, /\i ,-
— /%l =, 2000 | £ /\Vﬁ
QA —_— 0,/ =1, + | X 5
10 2,/ =1, \\Z ¢ | ;;‘;‘s" 0
0,/ = 1. 1000 F IS it m
/04 = 1. T \\‘
2 l 0
10 1 10 2 10 100 500 2000
k [h Mpc™] Multipole ¢
Marsh et al (2014)
31

Friday, 14 November 14



Ultra light fields: ultra-light axions
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Gravity: quasi-static limit
* For a perturbed line element of the form:

ds® = a*(7)[— (1 + 2®)d7* + (1 — 2¥)~y;;dx"da’]

the equations of motion are:

1 d(CZV) = —V D (non-relativistic particles)
a dr
I — 1 (relativistic particles)

— k2D = ArGua’pA
V=2 N
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Gravity: Redshift space distortions

Real space: Redshift space:
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Gravity: Redshift space distortions
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Gravity: RSDs and Lensing

BAO + CMB +
2.5 @ RsD
2t @ CFHTLenS

B crHTLensS + RSD

1.5¢
Ot
-2.5
3 2 1 0 1 2 3
|
(1 + —) o 2
' Simpson et al 2012
(CFHTLens)

36

Friday, 14 November 14



Inconsistencies: Hubble constant
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Inconsistencies: Hubble constant
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Inconsistencies:

WMARP prediction
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Inconsistencies: VWeak Lensing
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Inconsistencies: CMB large angles
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Particle Physics from Cosmology

® Simple flat ACDM model still fits (most) data
® Strong constraints on ultralight fields

® Some constraints on inflation

e |ittle knowledge of DE behaviour.

® Weak constraints on gravity

® Some inconsistencies...
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