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Graph source: Wikipedia

What we know is
only
4‐5%

of the energy density
of the Universe

A mysterious Universe

Which 
Dark Matter?

What is 
Dark Energy?



Concordance CDM model 

Definition:  c (c=10‐29 g/cm3) 

But is it a cosmological constant or some Dark Energy?



What is Dark Energy?

Cosmological Constant???

New form of 
« field/matter? » 
Quintessence?

Unified Dark Matter?

Modified
Gravity/GR ?
- Non minimal 
Couplings?

- Extra-Dimensions?

- Anisotropy/ 
inhomogeneity 
effects?

- Negative energy?

- Torsion?

-...

How to distinguish between models?
‐ equation of state  w(z) = p/

w =‐1



Cluster counts

Supernovae

Baryon Wiggles

Cosmic Shear Angular diameter distance
Growth rate of structure

Evolution of dark matter perturbations

Standard ruler
Angular diameter distance

Standard candle
Luminosity distance

Evolution of dark matter perturbations
Angular diameter distance
Growth rate of structure

Many cosmological probes

CMB
Snapshot at ~400,000 yr, viewed from z=0

Angular diameter distance to z~1000

Growth rate of structure (from ISW)



Large Scale Structures Correlations

Anderson et al, 2012

Galaxy‐galaxy correlations 



SNIa: Best single probe till 2013 
Now  BAO (Baryonic Acoustic Oscillations) 
with SDSS/BOSS results 



eBOSS(SDSS4) started in August 2014

http://www.sdss3.org/future/eboss.php

C. Tao + Zhao Cheng + Liang Yu



Future best probe:  Weak Lensing ?

Distorsion of galaxy shapes by foreground matter

without lensing Lensing effect



Also KIDS 450 sqdeg



Weak Lensing : Best from space!



Many DE projects

Ground
Photometric : KIDS, DES, HSC    LSST, …
Spectroscopic: SDSS, PFS, HETDEX  DESI,….

Space
Euclid (2020?),  China Space Station (2022?), WFIRST (2025?)      



Euclid: Scientific Objectives

• Understanding the origins of the Universe accelerating expansion
• Derive  properties and nature of Dark Energy(DE), test gravity (MG)
• Distinguish DE,MG, DM (Dark Matter) effects

• Decisively by: 
‐ Using at least 2 independent but complementary probes
‐ Tracking their observational features on the

‐ Geometry of the Universe with  2 main probes:
Weak Lensing (WL),   Galactic Clustering (GC)

‐ Cosmic history of  structure formation: WL, redshift space distortion, 
Clusters of galaxies

‐ Precise Control of  systematics



Parametrising our ignorance

‐ DE equation of state: ‐ Growth rate of structure 
formation controlled by gravity:

For GR



















1 “Blue” grism (920‐1250nm) , 
3 “Red” grisms (12501850 nm)
3 different orientations)

855 Gbit/day, 
transfer: 4hrs 
daily slot in K 
band (25.5‐27.0 
Ghz)

3 bands









Optimisation of sky coverage for fixed‐
length survey



Euclid WL+GC combined: predicted performances



Predicted performances of the Euclid mission



Euclid  WL and GC: DM and Galaxy 
reconstructed P(k)



Cosmic shear power spectra
Markovic et al. 2010  Euclid-like DE space survey +Planck: 

Integral effects  → better than matter power spectrum

Sensitive to 
m_WDM  < 2.5  keV



Biasing and Growth rate from GC rate  





Euclid SN survey priorities

• Basic goal: a significant gain over existing SN surveys
– In particular SNLS and DES

• Euclid has the potential to provide the first NIR survey 
for SNe from space

• Provides an independent Euclid probe of cosmology
• With 6 months of observing time, the most 

interesting option is the “DESIRE “survey
– Reaches high redshift : up to z ~ 1.5
– Cannot be done from the ground  



Published by A&A december 2014 DESIRE project!
arxiv 1409.8562



Euclid Definition Study

LSST

Ecliptic Coord

Euclid

EUCLID  NIR +  Broad visible bands



DESIRE with EUCLID + LSST

NB: 2* 6 months (use half time  total 6 months up‐time)



DESIRE:
An ultra deep survey!

final stacked depth 
28 to 28.5 mag 

(AB, 5  point source limit)



FOM > 200



Union2

DES

LSST in
1 year

OPTICAL SN samples 



JWST
E-ELT

Euclid*
(schedule 
permitting)

CSP
(current)

OPTICAL and NIR SN samples 







Thank you for your attention!

谢谢！



Current SNIa cosmological constraints

SNLS 3-year results (Conley et al 2010, Sullivan et al 2011, Guy et al 2010), 

w (=P/) = -1.06 +/- 0.07 
(including systematics, assuming flat 
universe with WMAP7, BAO and H0

constraints)

Compilation of 472 SNeIa
123 low-z, 93 SDSS, 242 SNLS, 14 HST


