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Euclid Top Level Science Requirements 
 Sector Euclid Targets   

Dark Energy 

•  Measure the cosmic expansion history to better than 10% in redshift bins 0.7 < z < 2. 
•  Look for deviations from w = −1, indicating a dynamical dark energy. 
•  Euclid alone to give FoMDE > 400 ( 1-sigma errors on wp, & wa of 0.02 and 0.1 respectively) 

Test Gravity 

•  Measure the growth index, γ, with a precision better than 0.02 
•  Measure the growth rate to better than 0.05 in redshift bins between 0.5<  z < 2.  
•  Separately constrain the two relativistic potentials  Ψ, Φ.  
•  Test the cosmological principle 

Dark Matter 

•  Detect dark matter halos on a mass scale between 108 and >1015 MSun  
•  Measure the dark matter mass profiles on cluster and galactic scales  
•  Measure the sum of neutrino masses, the number of neutrino species and the neutrino 

hierarchy with an accuracy of a few hundredths of an eV 

Initial 
Conditions 

•  Measure the matter power spectrum on a large range of scales in order to extract values for 
the parameters σ8 and n to a 1-sigma accuracy of 0.01. 

•  For extended models, improve constraints on n and α wrt to Planck alone by a factor 2. 
•  Measure a non-Gaussianity parameter :  fNL for local-type models with an error <  +/-2. 

•   DE equation of state:  P/ρ = w  , and w(a) = wp + wa(ap-a)  
•  Growth rate of structure formation:  f  ~ Ωγ  ;    
•  FoM=1/(Δwa x Δwp) > 400à ~1% precision on w’s. 
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Euclid cosmological probes 
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Euclid: 
 Level1 WL and GC Requirements 
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 BAO   RSD  

Colombi, Mellier 2001 

Source plane z2 

Source plane z1 

WL probe: Cosmic shear  over 0<z<2  : 

1.5 billion galaxies shapes, shear and          
phot-z (u,g, r,i,z,Y,J,H) with 0.05 (1+z) 
accuracy over 15,000 deg2   

GC; BAO, RSD probes:  3-D positions of 
galaxies over 0.7<z<1.8 : 

35 million spectroscopic redshifts with 
0.001 (1+z) accuracy over 15,000 deg2 



  Euclid and the DM-dominated / DE-
dominated transition period 

Accelerating 

Decelerating 

Euclid redshift survey 
Euclid WL survey 

Plot inspired by the BOSS  collaboration 

Euclid 
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Euclid Survey Machine:15,000 deg2 + 40 deg2 deep 

Galaxy Redshift 
survey 

Cosmological explorer of  

gravity, dark matter, dark energy 
and inflation 

Dark Matter + Galaxy Power Spectra 
as function of look back time 

Other Euclid 
probes 

Legacy 

Science 
 

VIS Imaging 

IAB=24.5 ; 10σ 

IAB=26.5 ; 10σ 

NIR Photometry 

Y,J,H=24.0 ; 5σ 

Y,J,H=26.0 ; 5σ 

NIR Spectroscopy 

2 10-16 erg.cm-2.s-1  ; 3.5σ  

5 10-17 erg.cm-2.s-1  ; 3.5σ  

Photometric redshifts: : 
External Photometry 

and 

External Spectroscopy 

Cosmo. Simul. 

Planck, 
eROSITA, … 

Space Euclid VIS and NIR observer of stars and galaxies 

12.0 109 sources,         1.5 109 WL galaxies,        3.5 107spectra Wide  

 

Tomographic 
WL  survey 
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Euclid Level2 WL and GC Requirements 
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The	  ESA	  Euclid	  space	  mission	  
La mission Euclid de l’ESA: objectifs scientifiques 

? 
Soyuz@Kourou   

 Launch date: Dec 2020 

NIR spectro-imaging 

2010-2020 (NISP team) 

•  Commisionning – SV 

•  Euclid opération: 

5.5 yrs:Euclid Wide+Deep 

•  +: SNIa, mu-lens, MW? 

~100 PB data processing (EC-SGS team)   –   Science analyses 

Surveys: 2010-2028 (Survey WG) 

VIS imaging: 
2010-2020  

(VIS team) 

   SWG:  

  2019-2028 
Ground data 

SGS: 2010-2028 

Survey duration: 6 yrs         15,000 deg2 

 

PLM+SVM: 2010-2020 
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VIS 

Courtesy: S. Pottinger,  M. Cropper and the VIS team 

Cropper et al 2016:SPIE 



NISP    
•  FoV: 0.55 deg2 

•  Mass : 159 kg 

•  Telemetry: < 290 Gbt/day 

•  Size: 1m x 0.5 m x 0.5 m 

•  16 2kx2K H2GR detectors 

•  0.3 arcsec pixel on sky 

•  Limiting mag, wide survey AB : 24 (5 σ ) 

•  3 Filters:  

•  Y (950-1192nm) 

•  J (1192, 1544nm) 

•  H (1544, 2000nm) 

•  4 grisms:  

• 1B (920 – 1300) , 1 orientation 0° 

• 3R (1250 – 1850), 3 orientations 0°, 90°, 180° 

Courtesy: T. Maciaszek and the NISP team 

Maciaszek et al 2016:SPIE 
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ESA Mission PDR 
October 2015 

successful: 
 

Euclid performances meet 
the scientific and survey 

requirements 
•  Image quality of the system fully in line 

with needs. 

•  Ellipticity, R2 stability and Non-convolutive 
errors performance dictated mainly by 
ground processing 

•  Purity not compliant with current data 
processing methods but expected to be 
recovered with Euclid specific algorithms 
(not yet installed at this stage). 

(with straylight+persistence+cosmics) 
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Requirement CBE

FWHM	  (@	  800nm) 180	  mas 163	  mas
ellipticity 15.0% 5.9%
R2	  (@	  800	  nm) 0.0576 0.0530

ellipticity	  stability	  σ(εi)
2.00E-‐04 2.00E-‐04

R2	  stability	  σ(R2)/<R2>
1.00E-‐03 1.00E-‐03

Plate	  scale 0.10	  " 0.10	  "
Out-‐of-‐band	  avg	  red	  side 1.00E-‐03 1.13E-‐05
Out-‐of-‐band	  avg	  blue	  side 1.00E-‐03 2.12E-‐04
Slope	  red	  side 35	  nm 15	  nm
Slope	  blue	  side 25	  nm 8	  nm

rEE50	  (@1486nm) 400	  mas 217	  mas

rEE80	  	  (@1486nm) 700	  mas 583	  mas

Plate	  scale 0.30	  " 0.30	  "

10 17.1

3.5 4.87

Y-‐band 5 5.78
J-‐band 5 6.69
H-‐band 5 5.35

80% 72%
45% 0.52

15,000	  deg2 15,000

5.5 5.4

Survey

Wide	  Survey	  Coverage

Image	  Quality
Technical	  Performance	  Measure

NISP	  Channel

VIS	  SNR	  	  (for	  mAB	  =	  24.5	  sources)

VIS	  Channel

Survey	  length	  [years]

Sensitivity

NISP-‐S	  SNR	  (@	  1.6um	  for	  2xe-‐16	  erg	  cm-‐2	  s-‐1	  
source)

NISP-‐	  P	  SNR	  (for	  
mAB	  =	  24	  sources)

NISP-‐S	  Performance
Purity
Completeness



Euclid Survey Machine:15,000 deg2 + 40 deg2 deep 

Galaxy Redshift 
survey 

Cosmological explorer of  

gravity, dark matter, dark energy 
and inflation 

Dark Matter + Galaxy Power Spectra 
as function of look back time 

Other Euclid 
probes 

Legacy 

Science 
 

VIS Imaging 

IAB=24.5 ; 10σ 

IAB=26.5 ; 10σ 

NIR Photometry 

Y,J,H=24.0 ; 5σ 

Y,J,H=26.0 ; 5σ 

NIR Spectroscopy 

2 10-16 erg.cm-2.s-1  ; 3.5σ  

5 10-17 erg.cm-2.s-1  ; 3.5σ  

Photometric redshifts: : 
External Photometry 

and 

External Spectroscopy 

Cosmo. Simul. 

Planck, 
eROSITA, … 

Space Euclid VIS and NIR observer of stars and galaxies 

12.0 109 sources,         1.5 109 WL galaxies,        3.5 107spectra Wide  

 

Tomographic 
WL  survey 
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Euclid Survey Machine:15,000 deg2 + 40 deg2 deep 

Galaxy Redshift 
survey 

Cosmological explorer of  
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VIS Imaging 
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NIR Spectroscopy 

2 10-16 erg.cm-2.s-1  ; 3.5σ  

5 10-17 erg.cm-2.s-1  ; 3.5σ  

Photometric redshifts: : 
External Photometry 

and 

External Spectroscopy 

Cosmo. Simul. 

Planck, 
eROSITA, … 

Space Euclid VIS and NIR observer of stars and galaxies 

12.0 109 sources,         1.5 109 WL galaxies,        3.5 107spectra Wide  

 

Tomographic 
WL  survey 

Monitor PSF monthly 
basis  

à Many Visits à Deep 

Preserve Legacy  

à Deep + Blue grism 
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Euclid and the next generation wide field VIS/NIR surveys 
 

HST in 15 yrs  

<20 deg2  

Euclid in 5 yrs  

15, 000 deg2  

10000     

100 

10 

1 

1000 

From J. Brinchmann  2013  
Objects Euclid Before Euclid

Galaxies at 1 < z < 3 with 
precise mass measurement ~2x108 ~5x106

Massive galaxies (1< z< 3) Few hundreds Few tens

Hα  Emitters with metal 
abundance measurements  at 

z~2-3
~ 4 107 ? ~104 ?

Galaxies in clusters of galaxies 
at  z > 1 ~1.8x104 ~103 ?

Active Galactic Nuclei galaxies  
(0.7 < z< 2 ) ~104 <103

Dwarf galaxies  ~105

Teff ~400K Y dwarfs ~few 102 <10

Lensing galaxies with arcs and 
rings ~150,000 ~10-1000

Quasars at z > 8 ~30 None

•  Targets for JWST, E-ELT, TMT, 
Subaru, VLT, MSE, etc… 

•  Synergy with LSST, eROSITA, 
Subaru/HSC, WFIRST, Planck, 
SKA 
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Need Wide+Deep Surveys: photom+spectro 
•  Euclid Wide:  

•  15000 deg2 outside the galactic and 
ecliptic planes 

•  12 billion sources (3-σ) 

•  1.5 billion galaxies with 

•  Very accurate morphometric 
information (WL)  

•  Visible photometry:  (u), g, r, i, z , (R
+I+Z) AB=24.5, 10.0 σ + 

•  NIR photometry : Y, J, H AB = 24.0, 
5.0σ  

•  Photometric redshifts with 0.05(1+z) 
accuracy  

•  35 million spectroscopic redshifts of 
emission line galaxies with  

•  0.001 accuracy  

•  Halpha galaxies within 0.7 < z < 
1.85 

•  Flux line: 2 . 10-16 erg.cm-2.s-1 ; 3.5σ  

•  Euclid Deep:  

•  1x10 deg2 at North Ecliptic pole  +  1x20 
deg2 at South Ecliptic pole 

    + 1x10 deg2 South close to Equatorial area 

•  10 million sources (3-σ) 

•  1.5 million galaxies with 

•  Very accurate morphometric 
information (WL)  

•  Visible photometry:  (u), g, r, i, z , (R
+I+Z) AB=26.5, 10.0 σ + 

•  NIR photometry : Y, J, H AB = 26.0, 
5.0σ  

•  Photometric redshifts with 0.05(1+z) 
accuracy  

•  150 000 spectroscopic redshifts of 
emission line galaxies with  

•  0.001 accuracy  

•  Halpha galaxies within 0.7 < z < 
1.85 

•  Flux line: 5 . 10-17 erg.cm-2.s-1 ; 3.5σ  



Euclid Wide and Deep Surveys 

Euclid Deep 

From J.-C. Cuillandre and the Survey WG 
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Legacy value of Euclid calibration fields 

•  Calibration sequence over 6 years (ecliptic coordinates, Mollweide projection) 
•  → All calibration fields are shown, including HST targets and the EDFS and EDFN near the ecliptic poles. 

The ecliptic is shown as a vertical line, jagged lines show background level contour E(B-V)=0.08 

 

VVDS Deep 

EDFN 
EDFS 

COSMOS GOODS North 

CDFS 
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Euclid Deep Fields: need to define EDF-S1 

•  Euclid EDF-N as defined below is definitely recommended to EST, centered of 
the geometrical position of NEP: 

•  EDF-N: RA 17h 55mn 00s  ,   DEC 66° 33’ 38.35” (J2000.0) 

•  10 deg2 , circular (see next figure:  large  circle: 20 deg2 for CPC 
(angles), 10 visits;  inner circle: 10 deg2 30 more visits for noise bias) 

•  Euclid EDF-S2 as defined below is definitely recommended to EST: 

•  Chandra Deep Field South 

•  EDF-S2: RA 03h 32mn 28.0s , DEC -27° 48’ 30’’ (J2000.0) 

•  10 deg2 , circular 

•  The selection of this field will cost 1 month of extra observing time with 
respect to the current baseline. 

•  Euclid EDF-S1: contamination by high stellar density and stellar density 
gradient in Magellanic Cloud  à TBC asap for PI programmes 
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RA 05h 13mn 34.5s 

DEC -60° 25’ 50’’  

(J2000.0) 

 

 

 

Magenta: 
quasi-
rectangle area 
option 

EDF-S1: MOCD-A new : SAA to 110 deg? 
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Photo-z wide :what we need 
 •  Euclid Y,J,H, AB 24 

•  4 optical bands g, r, i, z (ground based) to IAB 24 

•  Sky coverage 15,000 deg2 

•  Characterise WL galaxies (are they identical to GC galaxies? 
Is the Euclid-Wide z-survey for GC enough for WL?) 

•  Spectroscopic survey of WL galaxies  (not only GC galaxies) 
to calibrate photo-z to IAB 24.5 
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Photo-z and Legacy Deep : 
what we need 

 •  Euclid Y,J,H, AB 26 

•  4 optical bands g, r, i, z (ground based) to IAB=26 

•  Sky coverage 40 deg2 

•  Characterise WL galaxies (are they identical to GC galaxies? 
Is the Euclid-Deep z-survey for GC enough for WL?) 

•  Spectroscopic survey of WL galaxies  (not only GC galaxies) 
to calibrate photo-z to IAB 26.5 
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Euclid : what we expect to have 
•  45 nights at Keck telescope for spectroscopy on Euclid fields 

•  20hr pilot program at GTC for preparation of a spectroscopic 
large programme 

•  5300 hrs on Spitzer: period 13, 2 Euclid Deep field (20 deg2) 

•  271 nights at CFHT u, r data on Euclid Wide North 

•  110 nights at JST/T250 g data on Euclid Wide North 

•  A proposal at Subaru/HSC for g,i,z bands over 2000 deg2 (40 
nights) on the northernmost sky 

•  A VLT proposal for deep spectroscopic survey 

•  MUCH more to come: EC PI proposals on deep fields 
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Summary ground based observations for Euclid 

Wide North 
Imaging 

LSST+CFHT
+Subaru+T250? 

Wide North 
Spectroscopy 

Wide South 
Imaging  

DES+LSST 
Wide South 

Spectroscopy 

YJH 
ugriz dec<30° 
ugriz dec>30° 

Keck 15+15 
YJH 
ugriz dec<0°  

 

 
ESO+GTC? 

 

Deep North 
Imaging 

LSST+Subaru 

Deep North 
Spectroscopy 

Deep South 
Imaging  

LSST 
Deep South 

Spectroscopy 

YJH 
ugriz 

Subaru+ GTC? 
YJH 
ugriz  

 

 
ESO+ GTC? 

 

Wide survey 

Deep survey 
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Spitzer and Euclid Legacy 
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Spitzer 
and 

Euclid 
Legacy 
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From Quai, 
Moresco, Cimatti, 
Pozetti, 

       Euclid Legacy and the blue grism?  
      absorption lines on Euclid spectra  

Blue grism                     Red grism 



Euclid Cosmological Simulation:  
for the whole EC 

•   2 Trillion particles N body simulation down to z=0 

•  400 Healpix maps (nside = 8192) of the projected matter density and potential density 

•  100 redshift slices 

•  10 different HOD and halo catalogues up to z=2.3 

•  Consistent mocks for WL and GC data 

•  SED fitting with 23 bands from u to IRAC at 

      fixed redshift with  

•  213 Bruzual&Charlot models with  

      different ages and star formation history 

•  Includes dust absorption 

•  Normalisation: reproduce H-band photometry 

•  Galaxy sizes and morphologies 

•  Official release Jan 15, 2017 
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- Key innovation: analysis is done entirely on the fly (light cone and halo catalogue) 



Ground Segment  
 

OU-VIS OU-NIR OU-SIR OU-EXT OU-MER OU-PHZ OU-SPE OU-LE3 OU-SHE 

SOC 
ESAC 

MOC 
ESOC 

 
 
 
 

 

scientific 
community 

EAS DDS 
Ground 
Station 

Euclid 

External data  
(PanStarrs, DES, ...) 

SDC SDC SDC SDC SDC 

OU-SIM 

VIS Imag Nir Imag Nir Spectro Ext Data Euclidisation Spectro Meas Level 3 Morpho & Shear Phot Red Sh. 

Simulation 

SDC SDC 

OU coordinator 
OU Deputy Coordinator 

SDC SDC 

Project Office 

System Team 

• Complex organisation:   

•  10 Organisation Units 

•   9 Science Data 
Centers 

•  Data: huge volumes,    
heterogeneous data sets 

•  VIS+NIR          
imagery,   
morphometry, 
photometry , 
spectroscopy, 
astrometry,       
transients 

•  data ground + space 

•   ~100 Pbytes  

•  1+ million images   

•   > 1010 sources (>3-‐σ)	  

External data from DES, KIDS 
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Overview mission timeline 

2008 

Definition 

2012 2016 
Operations 

2024 2028 

Proposal selection End nominal mission Launch Mission adoption 

Implementation 

VIS FM 
delivery 

NISP FM 
delivery 

End PLM FM 
Assembly 

End S/C FM 
Integration 

2020 

Science with Euclid will start in 2022 with Q1 and in 2023 with DR1 
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Euclid Survey: the challenges (1/2) 
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•  Get all the data ! Deep, wide, imaging, spectroscopy 
•  Inter-Calibrations of all ground based data obtained with 

more than 10 diffrent telescopes/cameras 
•  Inter-Calibrations between Euclid and DESI spectra? 
à Set Euclid/non-Euclid data inter-calibration group? 

•  Set a new group: Organising observations coming from 
all telescopes in line with the content of DR1, DR2, DR3 

•  Organise the data processing OU-EXT’s: DES, LSST, 
JST/T250, CFHT, Subaru, HSC, KiDS + spectroscopy ? 



Euclid Survey: the challenges (2/2) 
 

•  Get Deep g,r,i,z photometry to I=26 over 40deg2: ?? 
•  Get Deep spectroscopy to I=26 : Keck, VLT, GTC, 

Others? 

•  Organise/coordinate the EC PI (legacy) programmes: 
done with all ground based telescopes and satellites 

•  Get the relevant cosmological and OU-SIM simulations 

•  Organise the position transient science and follow up  
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Important Euclid actions to come  
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•  Finalise the negotiations with LSST  
•  Organise the Deep visible surveys to I=26 
•  Simulation meeting in Barcelona on Nov 10-11 
•  Release Euclid simulations on jan 15 
•  Science with the blue Grism on Dec 1st at IAP 
•  (Re-)organisation OU-EXTs 
•  Organisation /coordination of all non-Euclid satellite 

data (Euclid and PIs)  
•  Calibration and inter-calibration of this huge 

heteroneous data set: this meeting  
•  Optimisation of the survey (spring 2017?) 



  
 
 
 
 

Thank you 

 
www.euclid-ec.org  
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