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Poll: 
What is causing the accelerated expansion of the Universe?

1. Cosmological constant:  a very low but non-zero 
Vacuum Energy 

2. A new scalar field:  the Universe is experiencing a 
new period of inflation

3. Beyond Einstein Gravity:  we need to modify 
Einsteins theory of gravity

4. Multiverse with Vacuum Energy (we’re in a weird 
realisation) 



Dark Matter and Dark Energy Dark Matter alone

Credit: J. Hartlap

The growth of large-scale structures



Gravity distorts light

NASA: HST



APS: Stonebraker





ESO Paranal



OmegaCAM at VST



ESO: KiDS



ESO: KiDS



ESO: KiDS

Real Dark Matter

Simulation of Dark Matter
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Blind 3
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The truth.....



Hildebrandt et al 2019



Planck Collaboration 2015

Too smooth?



Direct 
Measurements

Derived 
Measurements 
using a Dark 
Universe
theoretical 
model

Hubble Constant

Freeman et al 2017

Two points separated by the same distance between the MW to Andromeda (2.5 million light years) are moving apart at a rate of 
125,000 miles per hour



KiDS:  Kilo-Degree Survey

ESO ParanalKuijken, Heymans et al 2019

DR4:  1006 sq degrees DR3:  454 sq degrees



Euclid and LSST

August 2018 

The Large Synoptic Survey Telescope LSST



Ground-based imaging

Slide courtesy of Meghan Gray



Space-based imaging

STAGES:  Gray et al 2009
Slide courtesy of Meghan Gray



Euclid

European Space Agency

What will 
LSST and 
Euclid 
discover?


