
 Euclid 
 
 

Y. Mellier 
Institut d’Astrophysique de Paris  

and  
CEA/IRFU/SAp Saclay 

On behalf of the Euclid Consortium 



Euclid primary objectives 

•  Understand the origin of the Universe’s accelerating 
expansion 

•  Probe the properties and nature of  Dark Energy and Gravity, 
 
•  Distinguish effects of Dark Energy and Gravity by: 

•  Using  several independent but complementary probes (5 probes) 
•  Tracking their observational signatures on the  

•  Geometry of the Universe: Weak Lensing (WL), Galaxy Clustering 
(GC) 

•  Cosmic history of structure formation: WL, Redshift-Space 
Distortion (RSD), Clusters of Galaxies (CL)  

•  Controling systematic residuals to an unprecedented level of 
accuracy.  
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 Euclid                                                                                       

                        Euclid primary probes                                              
BAO, RSD  and   WL  over 15,000 deg2 

Colombi, Mellier 2001 

Source plane z2 

Source plane 
z1 

~30 million galaxies with redshifts 

 BAO  

 RSD  

1.5 billion sources with shapes, 10 slices 



Photo-z needed for Euclid 
•  Weak Lensing : redshifts  of 2 x109 
sources to  

o  Slice the universe 

o  Control contamination by intrinsic 
alignments of galaxies 

 

 

•  Redshifts of Euclid clusters:        
(60,000 clusters,  5,000 giant arcs)        
à synergy with Planck and eROSITA 

 

•  Redshifts of sources and lenses 
needed at least in the range 0.2<z<2 

à Photo-z need with VIS+NIR data 

     Galaxy halos          Clusters of galaxies 

Colombi/Mellier 

HST/ACS; credit NASA/ESA HST/ACS  credit NASA/ESA 

Dietrich et al 2012 

Filaments between clusters        Cosmic shear  
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Cosmic Shear 

survey 

Galaxy Redshift 
survey 

Cosmological explorer  

of gravity and fundamental 
physics 

Dark Matter and Galaxy  

Power Spectra with look back time 

Other Euclid 
probes 

Legacy 

Science 
 

VIS Imaging NIR Photometry NIR Spectroscopy 

External Photometry 

External Spectroscopy 

Cosmo. Simul. 

Planck, 
eROSITA, … 

Space Euclid VIS and NIR observer of stars and galaxies 

 

The Euclid Machine 
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 Euclid: 

 implementation 

 
 
 

 

 

 

 

 

 

  



Euclid Concept  
• ESA-led mission 
• Selected in Oct. 2011 - Fully funded 
• Partners: ESA, TAS, Airbus DS, Euclid Consortium (EC) 
• Telescope –  

•  1.2m aperture primary ,3 mirror anastigmat 
• Overall Mass – ~2020 kg 
• Power – 1710 W 
• Cost:  ~ 850 Meuros  
• 2 Instrument (VIS, NISP)– Two channels  

•  Wide field instrument, VIS: 36 e2v 4kx4k CCDs   
•  576 M pixels, 0.11 arcsec/pix, 0.53 deg2 FoV 
•  Photom.+spectrom.: 16 H2GR HgCdTe detectors;  
•  64 Mpixels, 0.30 arcsec/pix, 0.53 deg2 FoV (=VIS) 
•  Grism slitless spectro 

• Downlink Rate – X/X + K-band to Ground Station 55 
Mbits/s.  850 Gbit/day to transfer 4hr/day. 
•  Ground Segment: ESA (50%,) EC (50%, EC leads 
science and external data): 1.5 billion galaxies for WL, 
30 million redshifts, 12 billion sources (3sigma) 
• L2 orbit 
• Launch Vehicle – Soyuz-Fregat 
• Launch date 2020, from Kourou space port 
• 6.25 years mission+additional surveys (exopl, SN) 
• Main surveys: 15,000 deg2+40 deg2 2 mag. deeper 
• Science drivers: DE 



Euclid mission baseline: launch in 2020 
 

    Shapes  +  Photo-z   of  n = 1.5 x109   galaxies     z of  n=2.5x107  galaxies 

          15,000 deg2    

Ref: Euclid RB  Laureijs et al arXiv:1110.3193 

           40  deg2      

Possibility other surveys:  SN and/or  µ-lens surveys, Milky Way  (TBC): after Mission PDR 

           In ~6 years      

Photo-z: Ground 
based Photometry 
and Spectroscopy 
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PLM and scientific instruments 
 

•  Stabilisation:  Pointing error along the  x,y axes= 25mas over a period 700 s. 

•  FoV: Common visible and NIR Fov  = 0.54 deg2 

Courtesy:  

Airbus DS and  ESA Project office  

VIS 

NISP 
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VIS 

NISP 



VIS and NISP in PLM 
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ESA Euclid Tel. archive 

+ national SDCs  

processing+ EC archive 

 

 

               Euclid data and synergy  

MOONS 
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 Distances of billion lensed galaxies:  
photo-z for Euclid 

Visible data obtained from ground based telescopes  

Requirements: 

•  get photo-z for ~all WL 
galaxies  

•  cover the whole Euclid 
sky (15000 deg2) 

•  accuracy = 0.05x(1+z) 

à  4 optical bands needed 

Courtesy Euclid  SWG Photo-z  and OU-PHZ  
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Ground based imaging data for photo-z 
•  South: almost consolidated 

o  DES (5000 deg2) data deep enough in 
g,r,i,z . Suits Euclid needs; : consolidated 

o  e-KIDS 

o  Part of south missing (LSST?): if LSST 
no strong need: I=24.5 and 5000 deg2: 
not all LSST data. 

•  North:  CRITICAL  MOST urgent 
o  MegaCam at CFHT:proposal submitted: 
u,g,r,i  

àugri 650 nights: best options 

o   WHT ? 

o  Subaru  HSC ? 

o  LSST intermediate south-north: a 
fraction of  sky coverage, and depth 
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   Data release: starting in 2022 until 2027  
Year -3  

Yr -1  Ground DR1 

ready (2500 deg2) 

Yr+1 Ground DR2 

ready (7500 deg2) 

Yr +3 Ground DR3 

ready (15000 deg2) 

T-3 start ground based observations (<2017) 

All Euclid pointings set 

T-0 start Euclid nominal mission (2020) 
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SGS: EC, ESAC, ESOC, SDCs 

• Complex organisation:   

•  10 Organisation Units 

•   7 Science Data Centers 

•  Data centric processing 
architecture and archive/
distribution 

•  Data: huge volumes,    heterogeneous 
data sets 

•  VIS+NIR imagery and 
morphometry, photometry , 
spectroscopy 

•  data from ground and space 

•   >30 Pbytes  

•  1+ million big images   

•   > 1010 sources (>3-sigmas) 

• Cost SGS: 50% of Euclid 
Consortium contributions. 

Courtesy: F. Pasian, M. Sauvage, J. Hoar, C. Dabin EC SGS and ESAC 

OUs 

SDCs 

Euclid Consortium 
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 Euclid: 

 VIS performances 

 
 
 

 

 

 

 

 

 

  



M51 with VIS: shear+legacy science 
(Courtesy J. Brinchmann and S. Warren ) 

SDSS @ z=0.1 Euclid @ z=0.1 Euclid @ z=0.7 

Messier 51 galaxy at  z~0.1 and 0.7:  
Euclid will get the resolution of Sloan Digital Sky Survey but at z=1 instead of z=0.05. 

Euclid will be 3 magnitudes deeper  à Euclid  Legacy = Super-Sloan Survey  



Forecasts for the primary 
cosmology programme    

Assume systematic errors are under control 

Modified 
Gravity Dark Matter Initial 

Conditions Dark Energy 

Parameter  γ m ν  /eV fNL wp wa FoM 

Euclid primary (WL
+GC)  0.010 0.027 5.5 0.015 0.150 430 

Euclid All 0.009 0.020 2.0 0.013 0.048 1540 

Euclid+Planck 0.007 0.019 2.0 0.007 0.035 4020 à 
6000  

Current (2009) 0.200 0.580 100 0.100 1.500 ~10 

Improvement Factor 30 30 50 >10 >40 >400 
Ref: Euclid RB  arXiv:1110.3193  

= 1/(Δw0×Δwa)  
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Euclid Legacy:  
revolution in wide field surveys for the whole scientific 

community  
 •  Very large samples  

à diversity of populations 
à distribution functions 

•  Exquisite imaging of galaxies 
à morphological studies, mergers, strong galaxy-

scale lenses 

•  Weak Lensing 
à Galaxy evolution as function of halo properties 
à Galaxy alignement 

•  Huge volumes and numbers 
à rare sources, probing the extremes 

•  NIR Spectroscopy 
à Metals, star formation@ z>1 
à Cool stars 
à Very high-z QSOs  

 
 
 

HST in 15 yrs  

<20 deg2  

Euclid in 5 yrs  

15, 000 deg2  

10000     

100 

10 

1 

1000 
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Euclid compared to other surveys  
 

With ESO/VISTA: 

Wide: 680 yrs; Deep: 72 yrs 

NIR imaging surveys                     Spectroscopic surveys 
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Simulations of gravitational arcs and 
Einstein rings with Euclid   

An Euclid/EIC view on Einstein rings

R+I+ZCFHTLS-w YJH R+I+ZCFHTLS-w YJH

R+I+Z :  great promises for detection



Galaxy-scale strong lensing with Euclid   

SLACS (~2010 - HST) 



Euclid VIS Legacy : after 2 months 

 (66 months  planned) 

SLACS 



  

 Euclid: 

 data and schedule 

 
 
 

 

 

 

 

 

 

  



Summary 
•  Europe is leading one of the most fascinating and 

challenging question of modern physics and cosmology                             
–  A revolution expected in fundamental physics 
–  A revolution for wide field VIS and NIR surveys 
–   General philosophy of quick public worldwide access to 

all Euclid data  
 
•  Euclid = 5 cosmological probes: WL, RSD, BAO, CL, ISW 
•  Euclid Legacy = 12 billion sources, 30-50 million redshifts; 

–  A mine of images and spectra for the community for 
several decades; 

–  Strong synergy with LSST, e-ROSITA, SKA 
–  A reservoir of targets for JWST, E-ELT, TMT, ALMA, VLT 
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