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Observed with a mini structure: mirror ~1.2 m ∅ 
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Advanced Studies and Technology 
Preparation Division
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EUCLID Assessment Studies
The EUCLID spacecraft concept proposed by 

ASTRIUM is based on:

- a payload module integrating a telescope based on 

SiC mirror technology,

- a service module with an attitude and orbit control 

system based on cold-gas and milli-Newton thrusters

The achievable sky coverage in a 4.5 yr survey was 

estimated to 13000 deg² (TBC) with a solar aspect 

angle of 90 deg.

Increase of the sky coverage with variable sun aspect 

angle was judged possible but not supported by 

conclusive analysis.

Advanced Studies and Technology 
Preparation Division
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EUCLID Assessment Studies
The EUCLID spacecraft concept proposed by 
TAS was based on:

- a payload module integrating a telescope based 
on Zerodur mirror technology,

- a service module with an attitude and orbit 
control system based on reaction wheel 
actuators.

The achievable sky coverage in a 4.5 yr survey is 
estimated to 14000 deg² (TBC) with a solar 
aspect angle of 90 deg.

Increase of the sky coverage with variable sun 
aspect angle was judged possible but not 
supported by conclusive analysis.

•  Giga structures-years-pc-samples.. 

Copyright © National Academy of Sciences. All rights reserved.

New Worlds, New Horizons in Astronomy and Astrophysics 
http://www.nap.edu/catalog/12951.html

PREPUBLICATION COPY/SUBJECT TO FURTHER EDITORIAL CORRECTION 
2-11 

The First Sources of Light and the End of the Cosmic Dark Ages  

Following the recombination and the formation of the first atoms, the early universe was a nearly 
formless primordial soup of dark matter and gas: there were no galaxies, stars, or planets.  The 
background radiation had a temperature that quickly cooled to a temperature below that of the coolest 
stars and brown dwarfs known today. This was truly the dark ages. However, things began to change 
when the slightly denser regions left over from inflation began to contract under the relentless pull of 
gravity. It took a few hundred million years, but eventually these dense regions gave birth to a variety of 
objectsEthe first stars, and black holes which glowed through accretion of matterEso that the universe 
became filled with light (Figure 2-5). 

This event signaled the end of the dark age and the dawn of the universe as we know it today.  
This first generation of stars E made purely from the big bangIs residue of hydrogen and helium E may 
have been unusually massive and hot compared to todayIs stars like the Sun. Their intense ultraviolet 
light traveled out into the surrounding universe and  struck the atoms there, breaking many of them apart 
into nuclei and electrons. This key moment in cosmic history is therefore called the epoch of 
KreionizationM. The characterization of this transition and its spatial structure is being attempted by 
ground-based radio antennae.  

 
FIGURE�2�5�The�cosmic�timeline,�from�inflation�to�the�first�stars�and�galaxies�to�the�current�universe.�The�
change�in�the�vertical�width�represents�the�change�in�the�rate�of�the�expansion�of�the�universe,�from�
exponential�expansion�during�the�epoch�of�inflation�followed�by�long�period�of�a�slowing�expansion�
during�which�the�galaxies�and�large�scale�structures�formed�through�the�force�of�gravity,�to�a�recent�
acceleration�of�the�expansion�over�the�last�roughly�billion�years�due�to�the�mysterious�dark�energy.�
Credit:�NASA�Wilkinson�Microwave�Anisotropy�Probe�Science�Team.�
 

Giga €...
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Open Questions in Cosmology 

•   Nature of the Dark Energy  

•   Nature of the Dark Matter 

•   Initial conditions (Inflation Physics) 

•   Modifications to Gravity 

•   Formation and Evolution of Galaxies 

380,000 yr 
CMB last 
scattering 

surface 

EUCLID Wide 

NL Euclid Science Day  

•   Nature of the Dark Energy  

•   Nature of the Dark Matter 

•   Initial conditions (Inflation Physics) 

•   Modifications to Gravity 

•   Formation and Evolution of Galaxies 

•   Nature of the Dark Energy  

•   Nature of the Dark Matter 

•   Initial conditions (Inflation Physics) 

•   Modifications to Gravity 

•   Formation and Evolution of Galaxies 

Euclid will complement Planck/WMAP for late-time Universe   

“precise”  Cosmology

“precise” 

ignorance

Large ignorance on  
~95% of Universe 

content !!

~1/4=?

~2/3=?
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1. Dark Energy & Dark Matter 
(Cosmology) ; Legacy  

2. Space imaging (morphology 
&  NIR) + Spectra:           
Grav. Lensing & BAO 

3.  2020-2025+

Euclid

1.Why!

2. How!

3.When
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Euclid Mission Summary 
 

Main�Scientific�Objectives
Understand the nature of Dark Energy and Dark Matter by: 

� Reach a dark energy FoM > 400 using only weak lensing and galaxy clustering; this roughly corresponds to 
1 sigma errors on wp and wa of 0.02 and 0.1, respectively. 

� Measure �, the exponent of the growth factor, with a 1 sigma precision of < 0.02, sufficient to distinguish 
General Relativity and a wide range of modified-gravity theories 

� Test the Cold Dark Matter paradigm for hierachical structure formation, and measure the sum of the 
neutrino masses with a 1 sigma precision better than 0.03eV. 

� Constrain ns, the spectral index of primordial power spectrum, to percent accuracy when combined with 
Planck, and to probe inflation models by measuring the non-Gaussianity of initial conditions parameterised 
by fNL to a 1 sigma precision of ~2. 

SURVEYS
 Area (deg2) Description 
Wide Survey 15,000 (required) 

20,000 (goal) 
Step and stare with 4 dither pointings per step. 

 
Deep Survey 40 In at least 2 patches of > 10 deg2 

2 magnitudes deeper than wide survey 
PAYLOAD

Telescope 1.2 m Korsch, 3 mirror anastigmat, f=24.5 m 
Instrument VIS NISP 
Field-of-View 0.787×0.709 deg2 0.763×0.722 deg2 
Capability Visual Imaging NIR Imaging Photometry 

 
NIR Spectroscopy 

Wavelength range 550– 900 nm Y (920-
1146nm), 

J (1146-1372 
nm)  

H (1372-
2000nm) 

1100-2000 nm 

Sensitivity 24.5 mag  
10� extended source 

24 mag 
5� point 
source 

24 mag 
5� point 
source 

24 mag 
5� point 
source 

3 10-16 erg cm-2 s-1 
3.5� unresolved line 
flux 

Detector 
Technology 

36 arrays 
4k×4k CCD 

16 arrays 
2k×2k NIR sensitive HgCdTe detectors 

Pixel Size 
Spectral resolution 

0.1 arcsec 0.3 arcsec 0.3 arcsec 
R=250 

SPACECRAFT
Launcher Soyuz ST-2.1 B from Kourou 
Orbit Large Sun-Earth Lagrange point 2 (SEL2), free insertion orbit 
Pointing 25 mas relative pointing error over one dither duration 

30 arcsec absolute pointing error 
Observation mode Step and stare, 4 dither frames per field, VIS and NISP common FoV = 0.54 deg2 
Lifetime 7 years 
Operations 4 hours per day contact, more than one groundstation to cope with seasonal visibility 

variations;  
Communications maximum science data rate of 850 Gbit/day downlink in K band (26GHz), steerable HGA 

Budgets�and�Performance�
 Mass (kg) Nominal Power (W) 
industry TAS Astrium TAS Astrium 
Payload Module 897 696 410 496 
Service Module 786 835 647 692 
Propellant 148 232   
Adapter mass/ Harness and PDCU losses power 70 90 65 108 
Total (including margin)  2160 1368 1690 

All data you need to know 
(Red Book)

 Wide Area (>104 sq deg)

 Wide Field (FoV > 0.5 sq deg) 

 Opt. imaging 
NIR photom 
NIR slitless

Two instruments: 
VIS: optical imager & 
NISP: NIR imager + grisms
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Euclid  Project| Euclid Consortium Meeting | 13 May 2013 | Leiden | G.Racca | Page 3 

Euclid Organisation Euclid:  organisation 

 

- 1100 members,  

- 120 Labs 

- 13 European countries: 

Austria, Denmark, France, 

Finland,, Germany, Italy, 

The Netherlands, Norway, 

Portugal, Romania, 

Spain, Switzerland, UK 

+ US/NASA and 

 Berkeley labs.  

 SGS-SDC  

Euclid Consortium 
Y.Mellier

~460+ M€ (ESA) 
~ 50+ M$ (NASA) 
~100 M€ EC instr 
~100 M€ EC Gnd Seg 

R. Laureijs +

Large	  participation	  of	  Italian	  community	  with	  several	  key	  roles	  and	  contributions
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Euclid Consortium [EC] Structure and 	

Italian role: fundamental

• Presence in the Euclid Science Team 	

• Presence in the Board	

• Several coordinators of science WGs	

• Strong presence and respnsabilities in both instruments 	

• SciRD team and Ubercoords	

• Project Manager of the whole Ground Segment 	

• Project Office of the GS	

• Several coordinators of GS Organizational Units	

• Position of Mission Survey Scientist	

• ~ 200 scientists from many INAF institutes and Universities	

• Support from ASI	

• Support from PRIN MIUR, EC VO, ERC, local  (hardly renewable)
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Synergy with Planck: Universe @z~1000 vs @z~1-3

shear shear 

R. Scaramella - Sesto 2010

R. Teyssier et al.: Full-sky weak-lensing simulation with 70 billion particles 337

Fig. 1. Full-sky simulated convergence map derived from the Horizon Simulation. Its resolution of 200 million pixels has been downgraded to fit
the page. The various inserts display a zoom sequence into smaller and smaller areas of the sky. The pixel size is 0.74 arcmin2.

Fig. 2. Map of the cut-sky used in Sect. 4 to compute high-order
moments.

4. High-order moments and realistic sky cut

In Fig. 1, the signal appears as a typical Gaussian random field
on large scales, similar to the Cosmic Microwave Background
map seen by the WMAP satellite (Spergel et al. 2007). On small
scales, the signal is clearly dominated by clumpy structures (dark
matter halos) and is therefore highly non-Gaussian. To character-
ize this quantitatively, we performed a wavelet decomposition of
our map using the Undecimated Isotropic Wavelet Transform on
the sphere (Starck et al. 2006a), and, for each wavelet scale, we
have computed its second-, third- and fourth-order moment. We
used 11 scales with central multipole values of ℓ0 = 9000, 4500,
2250, 1125, 562, 282, 141, 71, 35, 18. For each of these maps,
we computed the variance σ2 = ⟨κ2⟩, the normalized skewness
S = ⟨κ3⟩/σ3, and the normalized kurtosis K = ⟨κ4⟩/σ4. Results
are plotted in Fig. 3 as solid lines of various colors. Error bars
were estimated approximately by computing each moment on
the 12 Healpix base pixels independently and evaluating the vari-
ance in the 12 results. A more appropriate strategy would have
been to perform several, independent, 70 billion particle runs,
which is currently impossible for us to do. We can see that the

Fig. 3. Moments of the convergence as a function of the average multi-
pole moment on each wavelet scale. The variance, skewness, and kur-
tosis are shown as black, blue, and red lines, respectively. Solid lines
with error bars corresponds ro a full-sky analysis, while dotted lines
correspond to our cut-sky analysis.

variance in the signal steadily increases for higher and higher
multipoles, and saturates at a fraction of 10−4, corresponding to
the value predicted from nonlinear gravitational clustering for
ℓ ≥ 6000. The variance for each wavelet plane can be consid-
ered to be a band power estimate of the angular power spectrum,
as can be verified using Fig. 4. In the same figure, we have also
plotted for comparison the linear power spectrum, to highlight
the scale below which nonlinear clustering contributes signifi-
cantly, i.e., for ℓ > 750 or equivalently θ < 15′, as first pointed
out by Jain & Seljak (1997). Skewness and kurtosis are more
direct estimators of the signal non-Gaussianity. Departures from

WL sims: <1” pixels

5

Many models for dark energy and modifications to gravity have been proposed in which the 
equation of state parameter w vary with time. A convenient approximation to this behaviour is a linear 

dependence on scale factor a=1/(1+z): , where wn is the value of the equation 
of state at a pivot  scale factor an (close to 0.6 for most  probes) and wa describes the redshift  evolution. 
The goal of future surveys is to measure wn and wa to high precision. To judge the relative strength of 
these surveys we use a standard dark energy figure of merit (FoM), which we define throughout  this 
proposal as: FoM=1/('wn'wa), where 'wn and 'wa are the errors on the equation of state parameters 
(1(). This FoM is inversely proportional to the area of the error ellipse in the wn-wa plane. 

It  must be emphasised that  DUNE has the critical advantage of probing the parameters of dark 
energy in two independent  ways. A single accurate technique can rule out many of the suggested 
members of the family of quintessence models, but it cannot test  the fundamental assumptions about 
gravity theory. If General Relativity is correct, then either D(z) or the growth of structure can 
determine the expansion history. In more radical models that  violate General Relativity, however, this 
equivalence between D(z) and growth of structure does not apply (see Figure C.1); we can therefore 
attempt to deduce the expansion history from the two methods, and search for any inconsistency. To 
answer this question and definitively distinguish a cosmological constant from a dynamical model of 
dark energy, DUNE will achieve the following targets.

Dark Energy Targets  for DUNE: DUNE must measure the wn and wa to a precision of 2% and 10% 
respectively (DE FoM > 500) using both the distance-redshift relation and structure growth. 

Figure C.1: Effect of dark energy on the evolution of the Universe. Left: Fraction of the density of 
the Universe in the form  of dark energy as a function of redshift z., for a model with a cosmological 
constant (w=-1, black solid line), dark energy with a different equation of state (w=-0.7, red dotted 
line), and a modified gravity model (blue dashed line). In all cases, dark energy becomes dominant 
in the low redshift Universe era probed by DUNE, while the early Universe is probed by the CMB. 
Right: Growth factor of cosmic structures for the same three models. Only by measuring the 
geometry (left panel) and the growth of structure (right panel) at low redshifts can a modification of 
dark energy be distinguished from that of gravity. Weak lensing measures both effects.

C.1.2) DUNE’s Cosmological Tools 

Weak Lensing – A Dark Universe  Probe: As light from galaxies travels towards us, its path is 
deflected by the intervening mass density distribution, causing the shapes of these galaxies to appear 
distorted by a few percent (see Figure C.2). The weak lensing method measures this distortion by 
correlating the shapes of background galaxies in a given patch of sky to probe the density field of the 
Universe between us and the background galaxies. By dividing galaxies into redshift  (or distance) 
bins, we can examine the growth of structure and make three-dimensional maps of the dark matter. An 
accurate lensing survey, therefore, requires precise measurements of galaxy shapes and information 
about the galaxy redshifts. High-resolution images of large portions of the sky are required, with low 
levels of systematic errors that can only be achieved via observations from a thermally stable satellite 
in space. Analyses of the dark energy require precise measurements of both the cosmic expansion 
history and the growth of structure. Weak lensing stands apart  from all other available methods 
because it  is able to make accurate measurements of both effects.

 ‘If the systematic errors are at or below the level asserted by the proponents, [weak lensing] is 
likely to be the most powerful individual Stage-IV technique and also the most powerful component in 
a multi-technique program.’ – US Dark Energy Task Force Report (DETF) 

Most of the  DE 
effects happen 
at z < 3 
!
Need also dynamics to 
further disentagle

Geometry Dynamics
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Can discriminate cosmology
[Dark Energy, Dark matter, non std GR]
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Table 2: Euclid List of Probes 
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Wide survey: >15,000 sq. deg (visible: 24.5th ABmag 10σ extended; NIR: 24th ABmag 5σ;  
                            spectra: Hα line flux > 3×10−16 erg s−1 cm-2, rate ~35%) 

Deep Survey: ~40 sq. deg ~ 2 mags deeper (~40 visits)

Want to measure expansion factor H(z) - geometry - 
and growth of density perturbations - dynamics -
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Key Science aim: Weak Lensing Tomography

WL tomography measurements: 

COMBO17: Bacon et al. 2005

CFHTLS: Sembolini et al. 2006

COSMOS/HST: Massey et al. 2007b

Weak Lensing Tomography: Measure the

distribution of Dark Matter and its evolution with

redshift

! Need shape measurements and photometric

redshifts

COSMOS Dark Matter Map over 2 deg2 COSMOS WL Tomography

Massey et al. 

2007a, Nature

Massey et al. 

2007b
WDFIRST SDT          GSFC          February 3, 2011 

Weak Gravitational Lensing 
Weak Lensing:  
•  Map the 3D distribution of Dark Matter in the Universe 
•  Measures the mass without assumptions in relation between mass and light 
•  Very sensitive to Dark Energy through both geometry and growth 
% Need measurements of galaxy shape and photometric redshifts 

COSMOS Dark Matter Map over 2 deg2 

z<1 

z>1 

Massey,  Rhodes et al.  2007 

NL Euclid Science Day  

Convergence Power Spectrum 
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Bullet Cluster: Dark Matter!
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No. 2, 2010 LensPerfect A1689 ANALYSIS 1693

Figure 5. Mass map contours in units of κ∞ = 1/3 laid over the 3.′2 × 3.′3 STScI ACS g′r ′z′ color image. The outermost contour, κ∞ = 0, was also plotted in the
previous figure. Pink squares indicate the 135 multiple image positions all perfectly reproduced by our model, and the white line indicates the convex hull. Outside
this region, our solution should be disregarded. This solution is not unique but was the “most physical” we found.
(A color version of this figure is available in the online journal.)

which reproduces the data at, say, 50σ (2.′′5), and “deviant” so-
lutions which reproduce the data at, say, 60σ (3.′′0). Non-LTM
methods, on the other hand, may include, at worst, a broad
range of unphysical solutions or, at least, solutions which do
not take advantage of the strong observational priors available,
namely, the observed positions of the lensing galaxies. An ideal
method would use LTM as a prior while allowing for deviations
(Section 7). This prior might be referred to as “LATM,” or light
approximately traces mass.

5.3. Magnification Estimates

In Table 5, we provide a magnification estimate for each
multiple image. The “final” magnifications come from our final
lens model and are our best estimates. We also provide the range
of magnifications (mean and standard deviation) for each object
in our ensemble of models.

Each magnification is calculated as the ratio of the areas of
the lensed (observed) and delensed image segments (as defined

Details on Dark Matter clustering!
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• Unique legacy survey: 2 billion galaxies imaged in optical/NIR to mag >24 

Million NIR galaxy spectra, full extragalactic sky coverage, Galactic sources	


• Unique database for various fields in astronomy: galaxy evolution, search for 

high-z objects, clusters, strong lensing, brown dwarfs, exo-planets, etc	


• Synergies with other facilities: JWST, Planck, Erosita, GAIA, DES, Pan-

STARSS, LSST, E-ELT etc (e.g. to do NIR from the ground would take several  

x 103 yr)	


• All data publicly available through a legacy archive 

High-z QSOs

Enormous database	

 to harvest

Euclid in context
VISTA SASIR Euclid

Wide survey

Deep survey

680 years 66 years 5 years

72 years 7 years “5 years”

22 24 26 28
AB limiting magnitude [5 sigma]
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Euclid Wide (YJH)

Ultra-VISTA (YJHK)

VIDEO (YJHK)

VIKING (YJHK)

Original by I. Baldry
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16/04/2014 12:08Arco di Tito iscrizione dedicatoria a Tito Vespasiano | Flickr - Photo Sharing!

Page 1 of 4https://www.flickr.com/photos/giannidedom/5194130471/in/photostream/
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Upload
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giannidedom ( the Cropman)

The ubiquitous symbol.. (hex U+039B)

one vowel, 	

one consonant, 	

one number

tpl = (Gh/2πc5)1/2 = 5.4 × 10−44s 

tU ∼ 8 × 1060

Λ ∼ t -2 ∼ 10−122

ρvac = Λ/8π ~10−29 g/cm3
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Two free functions

At the linear perturbation level and sub-horizon scales
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What background hides
perturbations reveal

The most general (linear, scalar) metric at
first-order 
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Full metric reconstruction 
at first order requires 3 functions 
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What background hides
perturbations reveal

The most general (linear, scalar) metric at
first-order 
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Full metric reconstruction 
at first order requires 3 functions 
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(cf. L. Amendola, M. Kuntz, et al  Theory SWG, Living reviews)
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Modified Gravity at the linear level
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Modified Gravity at linear level

3.3. Beyond the background 28

a velocity vi. The pressure p now can also have perturbations �p and there can further be an
anisotropic stress ⇥.

The reason why we grouped the new parameters in this way is to emphasise their role: at the
background level, the evolution of the universe is described by H, which is linked to ⇤ by the
Einstein equations, and p controls the evolution of ⇤ but is a priori a free quantity describing
the physical properties of the fluid. Now in addition there are ⌅ and ⇧ describing the Universe,
and they are linked to �⇤ and v of the fluids through the Einstein equations. �p and ⇥ in turn
describe the fluids. Actually, there is a simplification: the total anisotropic stress ⇥ directly
controls the di�erence between the potentials, ⌅� ⇧.

This means that a general dark energy component can be described by phenomenological
parameters similar to w, even at the level of first order perturbation theory. This description
adds two new parameters �p and ⇥, which are both functions of scale as well as time. These
parameters fully describe the dark energy fluid, and they can in principle be measured.

However, recently much interest has arisen in modifying GR itself to explain the accelerated
expansion without a dark energy fluid. What happens if we try to reconstruct our parameters in
this case? Is it possible at all?

Let us assume that the (dark) matter is three-dimensional and conserved, and that it does
not have any direct interactions beyond gravity. We assume further that it and the photons
move on geodesics of the same (possibly e�ective) 3 + 1 dimensional space-time metric. In this
case we can write the modified Einstein equations as

Xµ� = �8⇥GTµ� (3.6)

where the matter energy momentum tensor still obeys T �
µ ;� = 0. While in GR this is a consequence

of the Bianchi identities, this is now no longer the case and so this is an additional condition on
the behaviour of the matter1.

In this case, we can construct Yµ� = Xµ� �Gµ� , so that Gµ� is the Einstein tensor of the
3+1 dimensional space-time metric and we have that

Gµ� = �8⇥GTµ� � Yµ� . (3.7)

Up to the prefactor we can consider Y to be the energy momentum tensor of a dark energy
component. This component is also covariantly conserved since T is and since G obeys the
Bianchi identities. The equations governing the matter are going to be exactly the same, by
construction, so that the e�ective dark energy described by Y mimics the modified gravity model
(Hu & Sawicki 2007; Kunz et al. 2008).

By looking at Y we can then for example extract an e�ective anisotropic stress and an
e�ective pressure perturbation and build a dark energy model which mimics the modified gravity
model and leads to exactly the same observational properties (Kunz & Sapone 2007). This
provides a clear target for future experiments: their job is to measure the two additional functions
describing Y as precisely as possible. These functions can then provide clear hints about the
nature of the dark energy phenomenon. For example, scalar field models have generically a sound
horizon that could be detected in the data as it suppresses the dark energy perturbations on
smaller scales (Weller & Lewis 2003; Bean & Doré 2004; Sapone & Kunz 2009). Modified gravity
models on the other hand have generically a non-zero e�ective anisotropic stress, while scalar
field models usually have ⇥ = 0 (Mukhanov et al. 1992; Boisseau et al. 2000; Kunz & Sapone
2007). Since the parameters of Y are just e�ective quantities for a modified gravity model, they

1This condition could be relaxed due to the dark degeneracy, since all visible components are conserved to the
best of our current knowledge.
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Std gravity,  
new matter

Need to break degeneracy:  use growth  
of  fluctuations

Does gravity follow standard G.R.?  Need experiments with high sensitivity/precision....

Weak  
limit
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Possible outcomes.....

Quite useful but 
a bit dull....

Much more 
interesting!!

Λ=const

Ωm

w -1.00

-1.01

-0.99

Ωm

w -1.00

-1.01

-0.99

?!?!?

Different probes
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One hundred years later… from art (vision) 
to science (numbers)

Euclid Futurism 2020-2030

Measuring the Universe

An amusing connection ….


