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Euclid mission
Status and scientific goals



The cosmological model

Credits: ESA

- Probes of the primordial Universe gave us an accurate description of our Universe.


- Many questions are left open:


- What is the nature of the dark matter component?


- What is the nature of the dark energy?


- What is the origin of the large-scale structures?



Dark energy
- Current knowledge points to a cosmological constant ( ) dark energy 

model ( ).  


             


- Responsible for the accelerated expansion of the Universe.


- Impact on the growth of structures.


Λ
w0 = − 1,wa = 0

ρDE(z) = ρDE,0(1 + z)3(1 + w0 + wa)exp [−3wa
z

1 + z ]

Late time probes are needed!

Radiation  
dominated

Matter  
dominated

Dark energy  
dominated



Cosmological surveys

Surveys in the Area - number density plane, Hou et al 2023

• The matter density field is full of cosmology-relevant information


• By looking at different redshifts, we probe different epochs.


• Key tool to probe the Universe at late time.


• As statistical errors go down, future surveys must put particolar attention  
to systematic effects.

Stage IV is happening now!



The Euclid mission
• Euclid is an ESA mission with extra contribution by national agencies  

(instrument development, Science Ground Segment,  
survey and data analysis preparation  Euclid Consortium)


• The primary goal is the exploration of the dark Universe.


• It will produce an unprecedently large 3D map of the Universe


• Core science: Cosmology


• Weak lensing, galaxy clustering, additional probes  
(e.g. galaxy clusters, cosmic voids, CMB cross-correlations,  
strong lensing …).


• Legacy science: Galaxy & AGN evolution,  Local Universe …

→

Artist impression of the Euclid mission in space - ESA/Euclid/Euclid Consortium/NASA



The Euclid mission

Artist impression of the Euclid mission in space - ESA/Euclid/Euclid Consortium/NASA

• Large collaboration!


• Satellite and operations under the responsibility of ESA,


• The Euclid consortium (more than 2000 scientists from  
13 European countries, US, Canada, Japan) is responsible 
for the scientific instruments and data analysis.



Euclid: Core Science

Weak lensing

Galaxy clustering



Weak lensing
• The matter structure distorts the observed shape of far-away objects.


• The distortions encode how much matter the light rays encountered on their way to us.


• Accurate calibrations of the instrument are required to control observational systematics carefully.


• A sharp PSF is not enough: we need to correlate the shapes of millions of galaxies to measure the cosmological 
signal (~  in ellipticity).10−3

Original galaxy Lensed galaxy Telescope convolution Detector sampling Image noise

Adapted from Bridle et al 2011



• The signal is integrated over redshift: need for a 
tomographic approach.


• Photometric redshift distributions are to be 
estimated with the addition of ground-based 
photometry.


• The signal in the reconstructed map is 
compressed in summary statistics ( ).


• Systematic biases need to be accounted for:


• Color-dependence of PSF: PSF correlates 
with SED type and redshift; even colour 
gradients in galaxies can bias results.


• The primordial tidal field induces intrinsic 
alignments between galaxies.

Cl
L. Fu et al.: Very weak lensing in the CFHTLS wide 15
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Fig. 4. Two-point statistics from the combined 57 pointings. The error
bars of the E-mode include statistical noise added in quadrature to the
non-Gaussian cosmic variance. Only statistical uncertainty contributes
to the error budget for the B-mode. Red filled points show the E-mode,
black open points the B-mode. The enlargements in each panel show
the signal in the angular range 35′−230′.

theoretical (statistical) and not estimated from the data, which
would include systematics (for example error contributions may
arise from the incomplete PSF correction). Moreover, the signal-
to-noise with the present CFHTLS Wide data is so high, even
for B-modes, that subtle effects may dominate the very small
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Fig. 5. The top-hat E-mode shear signals of W1 up to 200′ , of W2 up to
120′ and of W3 up to 230′ are shown. The error bars includes statistical
noise and cosmic variance for each individual field.

Poissonian error, particularly on large scales where there are a
significant number of galaxy pairs.

The field-to-field variation of the B-modes is a possible way
to assess these effects on the error buget. We tried to measure this
by splitting the 3 Wide fields into 11 blocks of 2 × 2 deg2 each,
which allows to calculate the B-modes on scales up to 60 arcmin
in each block. We obtained B-modes with amplitude very simi-
lar to Fig. 4 but the field-to-field scatter is larger than the plotted
error bars and reaches a factor of 2 at 60′. This is an interest-
ing indication that we are likely underestimating the error on
B-modes, even though it is not a precise measurement due to the
small number of independant fields. A thorough analysis of this
noise contribution needs many more field and is left to a future
analysis of the CFHTLS four year data.

4.4. Cross-check and control of systematics

We cross-checked the shear measurement by using an indepen-
dent analysis on the same data sets. This analysis was done
with another version of KSB+ that has been tested with the
STEP1+2 simulations (“HH” in Heymans et al. 2006a; Massey
et al. 2007b). Hereafter, we refer to our analysis as “Pipeline I”
and to the “HH” results as “Pipeline II”.

The left panel of Fig. 6 shows the shear estimated for each
galaxy by each of the pipelines. The results are in good agree-
ment for ellipticity values per component between −0.6 and 0.6.
For ellipticities outside this range the dispersion between the
pipelines is larger and a trend for an underestimation of the shear
from Pipeline I with respect to Pipeline II can be seen. Note
however that the pipelines are not optimised for large elliptic-
ities, since the STEP simulation galaxies have ellipticities that
are smaller than 0.1.

We then compare the two-point functions using the aperture-
mass variance. We choose this statistic because angular scales
are less correlated than for the top-hat dispersion. Moreover,
it does not have any ambiguity related to a non-local E/B de-
composition. The values of Map are calculated from the two
pipelines using only objects detected by both pipelines. Because
the pipelines have different selection criteria the common ob-
jects are only two-thirds of the whole sample. Each object
is assigned a weight which is the product of its weights in
each of the two pipelines. The largest radius explored in the

Fu 2008



Galaxy clustering
• We trace the underlying dark matter density field by observing galaxies.


• Statistical description of the Large-Scale structure of the Universe (N-point correlation functions).


• Exploiting spectroscopic information, we get a precise determination of the source distance.

Credits: VIPERS collaboration



Baryon acoustic oscillations

• Early-time photon-baryon coupling left imprinted  
in the matter distribution.


• Excess of pairs at a specific separation  
(Sound horizon ).


• BAO is a standard ruler, allowing us to determine  
the distance corresponding to the survey redshift.


• BAO signal is enhanced using Reconstruction techniques.

rs ≈ 145 Mpc

Euclid

Distance constraints from BAO - Alam et al. 2016 

Redshift-Space distortions

• Large-scale velocity fields are linked to the density field


• Redshift from spectroscopy encodes information on both position  
and peculiar velocity 
 

                             .


• Peculiar velocities distort distances along the line of sight,  
changing the shape of clustering statistics.

zobs = zc +
vp

c
(1 + zc) + σz

Euclid

Collection of  measurements, Hou et al 2023fσ8(z)



Euclid: Design and survey
• Euclid satellite is designed to observe the sky in visual and near-infrared bands efficiently.


• The VIS instrument fulfils the requirement in terms of source number density and PSF size to achieve weak 
lensing goals.


• The Near-Infrared Spectrometer and Photometer (NISP) will collect spectroscopic information for precise 
redshift determination.


• Fundamental role of simulation in verifying instrument performances.

Credits ESAThe Integrated VIS Focal Plane Assembly NISP instrument.  
Credits: NISP Instrument team/ LAM
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Those of you who saw the !rst newsletter will have read 
how the cosmos can be studied with weak gravitational 
lensing. "is allows direct mapping of dark matter, and 

by looking at how this has evolved with time, provides strong 
constraints on the properties of dark energy. Weak Lensing causes 
small distortions in the shapes of galaxies. Measuring these distor-
tions requires images of a very large number of galaxies, recorded 
with the highest spatial resolution and stability. While each galaxy 
has its own intrinsic shape and inclination to the line of sight, 
once millions are averaged in a part of the sky, the shear caused by 
the weak lensing signal becomes clear. "ese shears are only of the 
order of a percent, so in order to do the averaging successfully, all 
of the residual inaccuracies, called biases, have to be minimised, 
and very well quanti!ed. 

"is is the di#cult part of a weak lensing experiment: making 

sure that everything is extremely well understood. For example, 
to measure the shape of a galaxy, the system (end-to-end) point 
spread function has to be known extremely accurately because 
each point in the galaxy image on the sky is blurred by this func-
tion when it is recorded on the detectors. "ere are many con-
tributors to the point spread function: the telescope optics, the 
satellite pointing and the charge spreading within the detector are 
the main contributions. Fortunately, stars recorded in the survey 
images provide direct measures of the point spread function. "is 
can be modelled at the star positions, and then interpolated to the 
position which would be found under the galaxy. Of course, be-
cause of di$raction, the point spread function is larger for redder 
objects, so it will be di$erent for each star and galaxy, depending 
on its spectrum, so the point spread function model also has to 
take into account the wavelength dependence. "ere are many 
other contributions a$ecting how well the modelling can be car-

THE VIS INSTRUMENT

ried out, and some of these require special 
calibrations.  But then we must take care 
that the calibrations are made with the same 
(or as similar as possible) instrument state as 
the normal observations.
"e weak lensing measurements in Euclid 
are made using the VISible instrument. VIS 
has a single broad bandpass, 550 – 900 nm, 
and is fed in re%ection from the dichroic 
beamsplitter in Euclid which separates the 
optical and infrared beams. It is a large im-
BHFS
�XJUI�����LY�LQJY�$$%����EFUFDUPST�
TQFDJBMMZ�EFWFMPQFE�GPS�&VDMJE�CZ�F�W
�B�DPNQBOZ�XJUI�TVCTUBOUJBM�TQBDF�FYQFSJFODF��ɨFTF�TBNQMF�B�ëFME�PG�WJFX�PG������TRVBSF�EFHSFFT�
at a spatial resolution of 0.1 arcsec, just su#cient for the typical galaxies Euclid will measure. "e !gure above shows the comparison 
of the VIS !eld of view with the major Hubble Space Telescope surveys.

A limiting magnitude mAB = 24.5 at 10s is reached for a combination of 4 exposures lasting roughly an hour. "ey are slightly o$set 
from each other: this allows some spatial resampling onto a !ner grid, the covering of the gaps between the detectors, the identi!cation 
and removal of cosmic rays and some 
mitigation against radiation damage, of 
which more below.
"e !gure on the right provides an over-
view of VIS. "e CCD matrix is arranged 
JO�B��Y��QBUUFSO��&BDI�$$%�JT�SFBE�PVU�
through a set of low-noise high perfor-
mance electronics which digitise the sig-
nals. "e CCDs have to be held in a cold 
and extremely stable structure to ensure 
they are placed at the telescope focus, 
while the readout electronics and power 
supplies operate at much warmer tem-
peratures. "is requires very careful ther-
momechanical design. "ere also needs 
to be a shutter, so that the CCDs can be 
read out at the end of an exposure (this 
has to operate %awlessly for many years), 
a calibration unit to %ood the CCDs 

Credit: Space Telescope Science Institute/Nick Scoville (Caltech)

An illustration of the size of the Euclid VIS 
imager compared to the size of various HST 
surveys. For comparison the COSMOS ACS 
survey consists of 575 ACS pointings and the 
HST part of the survey took 10% of all HST 
time over a two-year period.

VIS NISP

Euclid photometric band and spectroscopic range

Euclid field of view, compared to HST/ACS surveys

Original slide courtesy of B. Granett

A Large field of view!

Multi-wavelength approach



• Slitless spectroscopy: no targeting, no fiber-collision


• 2D spectra will be collected at different grism orientations to allow field decontamination.


• Possible misidentification from OIII, OII (higher redshift) and SIII (lower redshift) when a single line is 
detected


•  emitting galaxies are the primary target.


• Target .

Hα

Δzsp = 0.001(1 + z)

Credits: Granett & Euclid GC end-to-end group

Euclid: Spectroscopy



Euclid: Wide Survey

At the end of the six-year of operation, Euclid will observe: 


-   (1/3 of the sky)


-  billion photometric galaxies ( )


- ~30 million spectra in the range .

- Photometric depth [AB magnitude]:


-       Visible Band


- 


-        NIR Band


- 


-  Line flux limit:  at .

15000 deg2

1.5 ngal ≈ 30 arcmin−2

0.9 < z < 1.8

IE = 26.2
YE = 24.3
JE = 24.5
HE = 24.4

Hα 2 × 10−16erg−1cm−2s−1 1600 nm

Euclid preparation: I. The Euclid Wide Survey 
[Scaramella et al. 2021, arXiv:2108.01201]



Euclid: Deep Survey

- 3 Fields. Total Area:  .


- Each pointing will be covered with 15 observations Wide-like with Red Grism + 25 with Blue Grism.


- The deep fields will be crucial to assess the purity and completeness of the wide survey. 
This will be obtained thanks to the higher SNR, a large number of grism orientations and complementary 
“Blue” grism coverage of the 0.9-1.4 micron range.


53 deg2



Euclid: Forecast
Euclid Preparation: VII. Forecast validation for Euclid cosmological probes   
[Blanchard et al 2020, arXiv:1910.09273]




The beginning of the journey

Launch: 1 July 2023


Launch location: Cape Canaveral, Florida, USA


Launch vehicle: SpaceX Falcon 9


Destination: Sun-Earth Lagrange point 2, 1.5 million km from Earth
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Credits: ESA/Euclid/Euclid Consortium/NASA



Credits: ESA/Euclid/Euclid Consortium/NASA



Credits: ESA/Euclid/Euclid Consortium/NASA



What’s next?
• Currently troubleshooting the fine guidance sensor (FGS). 


• At the end of performance verification, the survey operations  
will officially start


• Three public data releases, with an increasing fraction of the survey:


• DR1: ~ mid 2025 (1/6 of the survey)


• DR2: ~ 2027 (1/2 of the survey)


• DR3: ~ 2031 (full survey)


• Each Data Release will be coupled with papers containing results from the official analysis.

This is just the beginning, stay tuned for more!


