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Measuring the Dark Universe
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Cosmological Probes

Cosmic Microwave Background Gravitational Lensing

Supernovae Large Scale Clustering
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alaxy Redshift Surveys

Anderson et al. 2012

Standard
CMASS DR9
best—fit model
x'=815 / 59

SDSS survey: N
Eisenstein et al. 2004
2dF survey:
Percival et al 2004




BOSS DRIO/1 |

ePlanck+BOSS £(s)

ePlanck+BOSS €4, (s) ePlanck + BOSS £a,(s)

z=0.32
LOWZ DR11

+BAO+SN

The ACDM model

h 0.68241 55072 0.6863 + 0.0075

+0.94 +0.97
100Qm 30.2270-94 29.7170-97

0.6899 + 0.0070
29.24 £+ 0.86

Constant dark energy equation of state
WpE ~1.3110-3% ~1.051 £ 0.076
1009, 24.975:4 28.8 + 1.6

—1.024 + 0.052
293+1.1

Time-dependent dark energy equation of state

wo ~1.2010-4% —0.8310-3%

+1.0 +0.89
Wq —0.0575 —0.61Z( g6

1009, 252757 30.975 %

—0.95+0.14
—0.29 £ 0.47
295+ 1.3

Non-flat models
1002, 0.07 £ 0.31 0.10 &= 0.29

10092, 30.18 4 0.96 29.6010:92

0.15+0.29
29.11 £ 0.91

Curvature and dark energy
WDE ~1.5310-2% —1.054+0.11
10092, —0.38702% 0.02 + 0.43
100Qm 22.075-2 28.9 & 2.0

+0.062
—1.009Z4 060

—0.14 £ 0.33
29.44+1.2

Massive neutrinos

> my < 0.23eV (95% CL)
fo < 0.017 (95% CL)

< 0.24eV (95% CL)
< 0.019 (95% CL)

< 0.23eV (95% CL)
< 0.017 (95% CL)

Massive neutrinos and dark energy
> my < 0.49eV (95% CL) < 0.47eV (95% CL)
WpE —1.4910-22 ~1.1340.12

< 0.33eV (95% CL)

—1.046 £ 0.063

Additional relativistic degrees of freedom

Negt 3.35 + 0.27 3.314+0.27
10092 29.7+ 1.0 20.2 4+ 1.1

3.30 £ 0.27
29.14+1.0

Deviations from general relativity
~ - 0.69 £0.15
+0.93
100Q2m - 29.76 2y 90

0.69 £ 0.15
29.62 + 0.89

Dark energy and modified gravity
Y - 0.88 £0.22
WDE - —1.15+0.11

0.75 +£0.17
—1.055 £ 0.057




Intensity

LyX Forest
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Warm Dark Matter

CDM

Current: thermal relic WDM m > 3.3keV

/ "'- | cosmic scales: 0.5/h-50/h com. Mpc

WDM 0.3keV

WDM 2.5 keV

5Mpc/h -
_



Weak Gravitational Lensing

Massey et al.
review: Refregier 2003

Distortion matrix:

Theory

—

Direct measure of the distribution of mass in the
universe, as opposed to the distribution of light



COSMOS Dark Matter Map
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CFHTLenS
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Power Spectrum Amplitude

Beutler et al. 2014

|:| CMASS (DV/rs,FAP,fos) [ Planck+WP 2013
CMASS (fo
Beutler et al. + rf " _— (foy)
Beutler et al. (2013)

[ CMASS (01 F, 1) (— CMASS (F oy

WMAP9
Beutler et al. + re

Beutler et al. (2013)
[ Planck SZ clusters
Ade et al. (2013)

[_] CFHTLS
Kilbinger et al. (2013)




Wide-Field Instruments

CMB Planck, SPT, ACT, BICEP2, Keck
Imaging VST, DES, Pann-STARRS, LSST
VIS/NIR Euclid, WFIRST, Subaru
Spectro Boss, Wigglez, DESI, HETDEX
] LOFAR, GBT, Chimes, BINGO,
Radio

BAORadio, ASKAP, MeerKAT, SKA




Current+WMAP
Planck
Weak Lensing

Imaging Probes
Stage IV
Stage IV+Planck

Factor Gain

Impact on Cosmology

Stage IV+Planck

Stage IV
WL

Stage IV Surveys will challenge all sectors of the

cosmological model:

e Dark Energy: wp and wa with an error of 2% and
13% respectively (no prior)

e Dark Matter: test of CDM paradigm, precision of
0.04eV on sum of neutrino masses (with
Planck)

e [nitial Conditions: constrain shape of primordial
power spectrum, primordial non-gaussianity

e Gravity: test GR by reaching a precision of 2%
on the growth exponent (dinm/dlinam)

— Uncover new physics and map LSS at 0<z<2:
Low redshift counterpart to CMB surveys



Blanco 4m at CTIO

74 2kx4k CCDs, 0.277/pix

2.2 deg? FOV

5000 deg? survey (+SNe survey)
g,hi,z,y to mag 24

200M galaxies



DES Early Results

Melchior et al. 2014




Conclusions

» Concordance LCDM model in good agreement with LSS
surveys (although some tensions are present)

» Current surveys already place constraints on Dark Energy,
Neutrinos, Dark Matter and Gravity
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