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Euclid 
Early 
Release 
Observations

Our Universe is dark
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Euclid 
Early 
Release 
Observations
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Euclid Early Release Observations were released to the public 6 months 
after launch, together with 10 scientific articles
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One of those articles is the “Overview of the Euclid mission”, which 
serves as the foundation for this talk



Cosmology: where do we stand
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A simple recipe for our Universe
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Timeline of the Universe

Credit: ESA/ATG



Better data comes with a cost
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Credit: G. Cañas-Herrera



What do other experiments say

12D
P

G
-F

rü
hj

ah
rs

ta
gu

ng
 2

02
5 

de
r S

ek
tio

n 
M

at
er

ie
 u

nd
 K

os
m

os
, G

ua
da

lu
pe

 C
añ

as
-H

er
re

ra

Credit: ESA



Euclid primary goals
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Main objectives
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Credit: ESA Euclid Definition Study report  

Euclid is designed to understand the nature of 
Dark Energy and Dark Matter

Reach a dark energy Figure of Merit > 400 using 
only Euclid primary probes 

Measure the exponent of the growth factor with 
a 1 sigma precision < 0.02

Measure the sum of the neutrino masses with a 
1 sigma precision better than 0.03 eV.

Constrain the spectral index and measure 
non-Gaussianity of initial conditions



Understanding the dark sector
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Credit: S. Casas



Understanding the dark sector
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Credit: ESA & Euclid Consortium



Understanding the dark sector
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Credit: S. Casas and Euclid Consortium Theory Science Working Group

Parameterizations



Understanding the dark sector
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Credit: S. Casas and Euclid Consortium Theory Science Working Group

Parameterizations

However, no mission is sent to space without a well-defined method to quantify 
its scientific performance. This is why space missions aim easy.



Understanding the nature of dark energy
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Credit: Einstein emoji

Parameterize the time-dependent 
equation of state for Dark Energy 



Understanding the nature of dark energy

202D Posterior distribution for the dark energy parameters. Credit: G. Cañas-Herrera.

Quantify constraining power using the 
Figure of Merit

Goal: FoM > 400



Understanding gravity
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Credit: Einstein emoji

Use γ-Linder parameterization to test a 
wide range of modified gravity models



The Euclid Consortium
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More than 2700 registered scientists

14 European countries + USA + Canada + 
Japan

Responsible of the Euclid instruments and 
the exploitation of the data

https://www.euclid-ec.org/

https://www.euclid-ec.org/


Fingertip galaxy

23

Fingertip galaxy, made with the contributions of many Euclid Consortium scientists in Helsinki 
2019, located on Euclid before shifting to USA. Credit: ESA, T. Kitching, L. Pettibone



Primary Cosmological Probes
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Cosmology from large-scale structure
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a primer on 
cosmology is 
needed

But: We cannot directly observe dark matter 
or dark energy!

Size and distribution of structures depends on:

Amount of matter 
and clustering

Expansion of 
Universe at 

different distances

Simulated dark matter distribution:

Credit: Springel+ (2005)

Ωm , σ8 w, ΩΛ 
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Weak gravitational lensing

Credit: ESA/ATG



3 x 2-pt analyses
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Shape-Shape
‘Cosmic shear’

Position-Shape
‘Galaxy-galaxy-lensing’

Position-Position
‘Angular clustering’

We combine 3 types of 2-pt correlations to optimally constrain cosmology from 
the photometric galaxy sample



Going to higher redshifts…

Euclid observes a higher 
number density of galaxies 
and many more sources at 

higher redshifts than Stage III 
surveys
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Euclid’s statistical power: photometry

Order-of-magnitude increase in S/N compared to Stage III survey with galaxies 
following the same redshift distribution!
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Clustering of Galaxies

Credit: ESA/ATG



Euclid’s statistical power: spectroscopy 
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Predictions for Euclid Spectroscopic Full-Shape power spectrum 
Data vectors. Credit: Euclid Consortium



Spacecraft & Instruments
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Launch
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Euclid launched on a Falcon 9, SpaceX, on 1st July 2023, from Cape Canaveral. Credit: ESA
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Spacecraft

Credit: ESA/ATG
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Instruments

Credit: ESA/ATG

      NISP     

      VIS     

Produces high 
resolution images 

Obtains redshifts 
of billions of 
galaxies



Instruments
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      NISP     

Euclid instruments
Credit: EC VIS and NISP teams

      VIS     



Instruments
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      NISP     

Euclid instruments
Credit: EC VIS and NISP teams

      VIS     



Instruments
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      NISP     

Euclid instruments
Credit: EC VIS and NISP teams

      VIS     



Payload Module: Optical path and 
instruments

Optical layout
Credit: Airbus Defence and Space 39D
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Layout of the instruments. The telescope is below, observing downwards.
Credit: Airbus Defence and Space; annotations by EC



Euclid Surveys
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Euclid Wide & Deep Surveys

Euclid region of interest (RoI) in an all-sky Mollweide projection. 
Blue borders enclose the 16 000 square degree RoI that contains the Wide Survey. 
The Euclid Deep Fields are shown in yellow and the auxiliary fields with red marks (not to scale).
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● Wide Survey covers 
about 14000 square 
degrees.

● So far, we have collected 
approximately 2500 
square degrees.

● This is the data we will 
use for the first  

● This month, 500 square 
degrees will be 
re-processed



Euclid first quick data release
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Credit: ESA & Euclid Consortium



Strong Lensing engine
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Credit: ESA & Euclid Consortium

ESA/Euclid/Euclid Consortium/NASA, image 
processing by M. Walmsley, M. 
Huertas-Company, J.-C. Cuillandre



Performance Verification & challenges
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Internal straylight

Left:    Sunlight hitting a thruster nozzle reaches VIS detectors. NISP is unaffected
 
Middle:  Straylight is largely avoided by orienting Euclid so that nozzle is in shadow

Right:    The survey was fine-tuned to select low-straylight conditions, only.
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X-ray contamination
X-rays from Solar flares penetrate sunshield and reach VIS 
Average area loss during Solar maximum: 3-4%
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VIS image taken during an X-class flare. 
Weak flares cause isolated cosmics.
Strong flares result in contiguous area loss. 

X-rays enter through the major gaps between solar cells.

Credit: J.-C. Cuillandre



Fine Guidance Sensor
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● Euclid failed to use stars to 
‘focus’ exposures

● In the image: loopy star trails 
show the effect of the Fine 
Guidance Sensor intermittently 
losing its guide stars

● Update of the software was 
necessary

Credit: ESA & VIS Team



Ice contamination
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Ice contamination
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Credit: K. Kuijken

ESA has performed two decontamination campaigns. 



Ice contamination
ESA has performed two decontamination campaigns. 
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Credit: K. Kuijken



Survey data products
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3x2pt statistics: shear-shear
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Euclid Shear Data vectors. 
Credit: N. Tessore



3x2pt statistics: end-to-end
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Euclid Consortium Science Ground Segment pipeline has already processed 500 square degrees 
of the photometric survey from the beginning towards the end: we have power spectra



Data releases

54D
P

G
-F

rü
hj

ah
rs

ta
gu

ng
 2

02
5 

de
r S

ek
tio

n 
M

at
er

ie
 u

nd
 K

os
m

os
, G

ua
da

lu
pe

 C
añ

as
-H

er
re

ra

Credit: ESA
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Data transfer

Credit: ESA/ATG

• Collecting 30 Petabytes of unprocessed 
data

• Communications from L2, to ESOC 
(Germany), to ESAC (Madrid), once per 
day

• Distribution along different dedicated data 
centres



Euclid Science Data centers
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Credit: Euclid Consortium



Cosmology with primary probes
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Expected parameter constraints
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Euclid constraining power. Credit: G. Cañas-Herrera



Expected parameter constraints
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Euclid constraining power. Credit: G. Cañas-Herrera



But, we do care about modified gravity
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Forecast constraints on f(R)
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Credit: S. Casas   



Conclusions & outlook
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Outlook
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Euclid is currently surveying 10 deg2 per day in a mission to last 6 years

The goal is to map one third of the sky (14000 deg2), first data release after one year of 
operations (2000 deg2, fall 2026)

Euclid is currently the only multi-probe large-scale structure survey experiment in operations

Euclid first quick data release offers a snapshot of the potential of Euclid for Legacy Science





General Outreach material
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https://docs.google.com/file/d/1_nvNoufKEetMtnOOpl_r-Bbg5bK_spTu/preview


Passbands

68D
P

G
-F

rü
hj

ah
rs

ta
gu

ng
 2

02
5 

de
r S

ek
tio

n 
M

at
er

ie
 u

nd
 K

os
m

os
, G

ua
da

lu
pe

 C
añ

as
-H

er
re

ra

Chromatic selection function
of the payload module. Euclid 
uses a largely reflective design. 
Passbands are defined 
considerably by mirror coatings. 

Euclid passbands 
compared to Gaia, 
atmosphere, and JWST
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