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Euclid and UVEX 
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Euclid mission 

ESA+NASA space mission with launch in July 
2023 and a nominal length of 6 years. 

Scientific goal: understanding the nature of 
darks matter and dark energy. 

Euclid will use two cosmological probes: galaxy 
clustering (BAOs and RSD) and Weak Lensing 
(WL). 

Clustering requires measurements of galaxy 
positions and redshifts. 
WL requires galaxy shapes and photometric 
redshifts. 
Both require very large samples of galaxies.
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Euclid mission : high resolution imaging

• FoV: 0.787 x 0.709 deg2 
• Plate scale: 0.1 arcsec/pix 
• Spectral range: 550–920nm
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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

COSMOS

NISP

• FoV: 0.74 x 0.74 deg2 
• Plate scale: 0.3 arcsec/pix 
• Spectral range: 950–2000nm

Euclid will achieve its science goals with a 1.2 meter mirror telescope, at 
L2, and two instruments operating in parallel.   



4

Euclid mission : IR spectroscopy

Slitless spectroscopy at R = 250 
between 1.25µm < λ < 1.85µm

Euclid also has a Blue grism (0.9µm < λ < 1.3µm) that will be used for calibration of 
the the main cosmological probes and legacy science in the deep fields.

E E E

0.001 deg2 with HST in 
the COSMOS field (Euclid 
will be comparable)
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fline > 2x10-16 erg/s/cm2    (3.5σ 0.5”)

Wide survey: 15,000 deg2 Band VIS YE JE HE

Wide 
survey 25.2 24 24 24

Euclid mission: Wide survey

Avoiding high stellar density, bright Zodiacal light and bright (mAB < 4) stars




Euclid mission: main samples

• For WL, Euclid measures the shapes of 30 resolved galaxies per sq. arc minute 
down to VIS=24.5 AB [10sigma]. The photometric redshifts for these galaxies 
reaches a precision of σz/(1+z) < 0.05, with the combination of Euclid and 
ground based survey data. To measure the shear from galaxy ellipticities, strict 
requirements on the knowledge and stability of the PSF.

• For  clustering: Euclid will measure spectroscopic redshifts with a redshift 
accuracy of σz/(1+z) ≤0.001 using the Hα+[NII] emission line. The survey will 
identify ~3000 galaxies/sq.deg. with 0.9< z <1.8, yielding a sample of 45 million 
galaxies.  

• The Deep fields are two magnitudes deeper than the wide survey. Needed for 
calibration of the slitless spectroscopy and WL-PSF. The deep survey monitors 
the stability of the spacecraft and payload through repeated visits of the same 
regions. 
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fline > 6x10-17 erg/s/cm2    (3.5σ 0.5”)

Deep survey: 50 deg2 Band VIS YE JE HE

Wide 
survey 27.2 26 26 26

Euclid mission: Deep survey

Three fields, 2 at the Ecliptic poles + Fornax. 

Visited 40x to observe multiple angles and 

ensure decontamination. 
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Synergies between Euclid and UVEX: Pillar I

• Photometry in VIS, YE, JE, HE [wide: M>107 M*, 
deep: M>106 M*] ➡ constrain redshifts, 
identify new targets for spectroscopic 
followup 

• High resolution images with resolution of from 
100pc to 300pc (VIS to NISP) ➡ effective radii, 
galaxy morphology, SFR surface density  

• Paschen-β in star-forming galaxies down to 
SFR~0.01Msun/yr and stellar masses as low as 
M>106 M* ➡ ~105 galaxies with spec-z and 
unobscured SFR 

• Deep fields will add depth and coverage down 
to 0.9nm ➡ [SIII] lines useful for Z 
preselection for UVEX spectroscopy 

• Redshifts of massive galaxies  ➡ 
environmental information

Lin, CS+(2023)• Low-Z Low-Mass galaxies (z<0.03):
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Synergies between Euclid and UVEX: Pillar I

• Local Volume: 
• Individual stars and globular clusters will be 

detected out to D~5Mpc*   
➡ Accretion history of the Milky Way via  

tidal streams and substructure 
➡ Identification of Ultra Cool Dwarfs to study 

IMF  
➡ Resolved map of the SMC, adding 

complementary information given by older 
stars as well as a less dust-affected view of 
the SMC 

➡ Pick reddened sight lines for spectroscopic  
studies of dust 

➡ Low background, large area and depth 
make it easy to identify ultra-diffuse 
galaxies. SB fluctuations can then be used 
for distances out to 20Mpc. 
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Transient sky: Pillar II

• Transient sky: 

• Euclid will provide a deep all sky image that can provide vital 
background information to interpret UVEX-detected transients   

• (for example: progenitor properties, redshifts and physical 
properties of host galaxy) 

• Redshifts (photometric or spectroscopic) for the majority of galaxies in 
the sky ➡ Euclid will provide maps of the “association probability” 
between possible counterparts and future gravitational wave detections 
in O5 and O6. 

• …
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A legacy of synoptic all sky surveys: Pillar III

Here is where most of the synergies can be found, and where the two 
telescopes can really help each other.   Some (biassed) examples:

What Euclid

Galaxies at 1<z<3 with good 
mass estimates and morph.

~2x108

Massive  [inc. passive] galaxies 
(1<z<3) w/spectra

~few x 103

Hα emitters/metal abundance 
in z~1-2

~4x107/105

Galaxies in massive clusters at 
z>1

~(2-4)x104

Type 2 AGN (0.7<z<2) ~104

Galaxy mergers ~105-few x 106

Strongly lensed galaxy/cluster-
scale lenses

~200,000

• Duty cycle time scale for bursts as a 
function of mass, environment, redshift 
(out to z~0.6) 

• Dust properties from UV colors and 
optical lines 

• Recent rejuvenation in elliptical 
• Lyα Luminosity function, Lyα EW 

distribution out to z~1.2, average Lyα 
escape fraction 

• LyC escape fraction at z>1.1 in both 
galaxies and AGN 
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A legacy of synoptic all sky surveys: Pillar III

UV data will improve  Euclid photometric redshifts (needed for the WL probe). 

UV data will break redshift degeneracies in single-line emitters  (clustering). 

Addition of UV data to the full sky can  
reduce the average scatter between 
input and recovered redshifts by 30%, 
and the outlier fraction by almost a 
factor of two. 
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Q1: 50 deg2 DR1: 2500 deg2

Launch: July 2023.

Euclid collaboration, Scaramella et al (2022)

Euclid mission: timeline
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Conclusions

• Cover 15,000 deg2 with deep optical IR imaging.   
• Slitless spectra for all sources to H=24.  
• 50sq. degs. 2mags deeper.  

• The synergy between Euclid and UVEX goes both ways 

• Euclid to provide targets for followup studies, characterize 
properties of UVEX detected objects, provide a static 
reference sky for UVEX transits … 

• UVEX can support both cosmological probes (WL and 
clustering) improving photometric redshift and single-line 
identification. Provide unobscured SFR, Lya and LyC  for 
most of the galaxy populations identified by Euclid.

Feel free to contact me mscarlat@umn.edu

• Euclid data will come soon. First substantial public release in about 2yrs 

mailto:mscarlat@umn.edu
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Some synergies with UVEX
Gabarra et al. (2023)

https://arxiv.org/pdf/2302.09372.pdf

