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Outline

» Brief revisit to Models of Dark Energy

* What each of the following probe have told us:
—Lensing
—Cluster
—CMB
—SN
—-BAO

Image Robert Lupton & SDSS
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Dark Energy Models

 LCDM
Equation of State
Dark Energy density
Dark Energy interacting with Dark Matter
Decaying Dark Energy
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Dark Energy Models

SN - 30
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wCDM Lyc cross
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Outline

* What each of the following probe have told us:
—Cluster
—Lensing
—CMB
—SN
—-BAO

Image Robert Lupton & SDSS
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Dark Energy Progress

e Cluster Vikhlinin et al. 2008
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Dark Energy Progress

* Gravitational Lensing

SDSS-DR7 lensing
+ WMAP7
+ SDSS clustering

Mandelbaum et al. 2012
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Dark Energy Progress

* Supernova

F =N
N

Cluster Search (SCP)
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Astier et al. (2006)

Knop et al. (2003) (SCP)
Amanullah et al. (2008) (SCP)
Barris et al. (2004)
Perlmutter et al. (1999) (SCP)
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Hicken et al. (2009)

Kowalski et al. (2008) (SCP)
Riess et al. (1999)

Hamuy et al. (1996)
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Figure 4. Hubble diagram for the Union2.1 compilation. The solid line represents the best-fit cosmology for a flat ACDM Universe for supermnovae alone.
SN SCPO6U4 falls outside the allowed z1 range and is excluded from the current analysis. When fit with a newer version of SALT2, this supernova passes the
cut and would be included, so we plot it on the Hubble diagram, but with a red triangle symbol.
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Dark Energy Progress

° Supernova Suzuki et al. 2012

SN+
WMAP7+
BAO (SDSSI/II+2dF)
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Planck (2013)

ACTPol (2014, ~500 hours)
SPT (2013)

BICEP2 (2014)
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Dark Energy Progress

° C M B Planck Collaboration 2013

w—  Planck+WP+BAO = Planck +WP-+SNLS
= Planck+WP+Union2.1 w—  Planck +WP




Dark Energy Progress _— .
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Planck Collaboration 2013

* Planck +
* WMAP polarization+
* BOSS 1st year data
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* BAO
« BOSS DR11 (near final)

« Same Acoustic Oscillations
as in CMB
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BOSS galaxy clustering WG +
BOSS collaboration 2013
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Dark Energy Progress

e BAO
. BOSS DR11 (near final) CAaSS

* Distance _
BOSS

measurement at "’ LOWZ

of 1% at z=0.57 and
2.1% at z=0.32

6dFGS 7
Planck ACDM

0.4

BOSS galaxy clustering WG + Redshift

BOSS collaboration 2013
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Dark Energy Progress

* BAO constraints on Dark Energy

— Planck+WP ACDM
- w=-0.7, Q_=0.406
— ,=0.01, Q =0.262

0.4
Redshift

BOSS galaxy clustering WG
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Dark Energy Progress
* Combining all BAO measurements

6dFGS Lines are Planck LCDM model predictions
MGS

SDSS — 11
WiggleZ
LOWZ
CMASS
Lya auto
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Lya cross

BOSS collaboration 2014 WFIR\' T AF‘T A }Pﬁ‘#

Wide-Field Infrared Survey Tele




Dark Energy Progress

* BOSS galaxy BAO

BOSS collaboration 2014
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Dark Energy Progress
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* Other BAO results: including Lyman-alpha forest
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BOSS collaboration 2014

6dFGS
MGS
SDSS — 11
WiggleZ
LOWZ
CMASS
Lya auto
Lya cross

BOSS Lya and Lya X QSO
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Dark Energy Progress

« Combined constraints:

w,w,CDM

= BAO+Planck
=  SN+Planck
-  BAO+SN+Planck
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Dark Energy Progress

* Dark Energy Density as a function of z:
Positive Dark
Energy component
at z<1.
Slightly negative
ones at z>1.6, due tojg
Lya data.
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Dark Energy Progress _—

BOSS collaboration 2014
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BOSS collaboration 2014
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BOSS collaboration 2014
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Dark Energy Progress

BOSS collaboration 2014
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BOSS collaboration 2014
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Dark Energy Progress

- CMB

Fig.35. 2D marginalized posterior distribution for wy and w, for 065 070 075 080
Planck+WP+BAO data. The contours are 68% and 95%, and the sam- Qp

ples are colour-coded according to the value of Hp. Independent flat

priors of -3 < wp < —0.3 and -2 < w, < 2 are assumed. Dashed grey

lines show the cosmological constant solution wy = —1 and w, = 0.
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Dark Energy Progress

* Gravitational Lensing

B wmaP7
| ECFHTLenS + WMAP7 +

[l BOSS + WMAP7 + R11

[C]cFHTLenS + BOSS +
WMAP7 + R11

CFHTLS combined with other datasets

Curved wCDM Curved wCDM

Heymans et al. 2013
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Dark Energy Progress

o Cl uster Spergel, Flauger & Hlozek 2013

Hajian et al. 2013
CAMspec
CrossSpec Hybrid cleaning
Planck SZ
Cacciato et al. 2013
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Dark Energy Progress

- CMB
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Dark Energy Progress

* SN or
* BAO (BOSS 1st year)
* + Planck

+ WMAP Polarization

Planck+WP+BAO
Planck+WP+Union2.1
Planck+WP+SNLS

Fig. 36. 2D marginalized posterior distributions for wy and w,, for the
data combinations Planck+WP+BAO (grey), Planck+WP+Union2.1
(red) and Planck+WP+SNLS (blue). The contours are 68% and 95%.
and dashed grey lines show the cosmological constant solution.
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