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OU-EXT

Point d’entrée des données externes (sol pour 
photo-z, Gaia G pour point zéro, IR, X pour 
AGN…)

(1) preparing multiband ground-based survey imaging data 
for combination with the Euclid VIS and NIR data, 

(2) preparing space based imaging data that are needed 
either for combination with the Euclid VIS and NIR 
data or for calibration purposes, 

(3) preparing spectroscopic survey datasets needed for 
photometric redshift calibration purposes, and 

(4) validating external catalog data needed for calibration 
purposes or for combination with higher level Euclid 
data products.  
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Un besoin de photo-z

L’analyse du cisaillement gravitationnel a besoin 
des décalages vers le rouge des galaxies sources.

Absence de biais global >> précision individuelle

Précision individuelle : pas de mélange entre les bins de tomographie, 
σ(z) < 0.05 (1+z)

Absence de biais global (dégénéré avec w) : mesure du z moyen d’une 
population, < 0.002 (1+z) pour 2% sur w.

Les redshifts photométriques peuvent permettre 
d’atteindre ces objectifs. 
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Données sol dans le visible
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Données sol dans le visible

VIS
R+I+Z

Y J H

nm

z=0,5

500 1000 1500 2000
0.0

0.1

0.2

0.3

0.4

0.5

0.6

10



Données sol dans le visible
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Données sol dans le visible
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Photo-z avec visible seulement

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"##$!%&'(!)*+,*-!.!#"/%0!1*234!56780!%/!.!94+*:;*7!(!'!<0!=>(( !D!

D66*B3"&0!

13



Photo-z avec visible et IR
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Figure 2. The overall performance of the survey-A, survey-B and survey-C whose dephts are as quoted in Table-1. The blue lines give
the performance without cleaning and the green lines after cleaning and the red line gives performance after cleaning and applying
correction. It is seen that with cleaning and correction σz(z)/(1 + z) ≤ 0.05 is almost reached in all the cases and systematic bias is also
reduced considerably. Survey-B after cleaning and correction reaches σz(z)/(1 + z) ≤ 0.05 easily. For survey-A 23% for survey-B 13%
and for survey-C 9% rejections were made after cleaning.

many galaxies with poor photo-z estimates have a bimodal
likelihood distribution. We therefore developed an algorithm
that searches for bimodality in the likelihood curves of each
galaxy. If a likelihood function contains more than one peak
separated by a certain pre-defined redshift difference and if
the ratio between primary and secondary peaks is above a
threshold value, then the galaxy is flagged as a likely out-
lier and can be rejected from the lensing analysis. This pre-
defined threshold value can be tuned from simulations of the
kind described here, or from spectroscopic measurements of
actual redshifts. Of course, this procedure will undoubtedly
remove some objects whose photo-zs are actually quite good,
but the lensing analysis is stable to this kind of exclusion.

After removal of doubtful photo-z, the errors in σz(z)
and mean bias ∆z(z) are dramatically reduced, as shown
by the green lines in Figure-2. The major improvement in
σz(z) and ∆z(z) come from rejection of catastrophic failures
rather than a tightening of the “good” photo-z. As the depth

of the photometry increases, it is found that fewer objects
need to be rejected to improve the photo-z estimates. In
case of survey-A, we find that 23% must be rejected to get
below σz(z) ≤ 0.05(1 + z), for survey-B it is 12% and for
survey-C, only 9%. The trade off between beneficial cleaning
and the wasteful loss of objects determines the robustness of
the cleaning. After the above cleaning has been performed,
the fraction of 5σ outliers (catastrophic failures) is reduced
below 0.25% in all the three Surveys (see Table-2). It should
be noted that we have not taken in to account priors such as
the size or luminosity of the galaxies, which might further
improve the performance.

3.3 Modification of the likelihood functions

We find that the photo-z estimates can be further improved
by modifying the L(z) on the basis of a relatively small
number of spectroscopic redshifts, as follows: First we define
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many galaxies with poor photo-z estimates have a bimodal
likelihood distribution. We therefore developed an algorithm
that searches for bimodality in the likelihood curves of each
galaxy. If a likelihood function contains more than one peak
separated by a certain pre-defined redshift difference and if
the ratio between primary and secondary peaks is above a
threshold value, then the galaxy is flagged as a likely out-
lier and can be rejected from the lensing analysis. This pre-
defined threshold value can be tuned from simulations of the
kind described here, or from spectroscopic measurements of
actual redshifts. Of course, this procedure will undoubtedly
remove some objects whose photo-zs are actually quite good,
but the lensing analysis is stable to this kind of exclusion.

After removal of doubtful photo-z, the errors in σz(z)
and mean bias ∆z(z) are dramatically reduced, as shown
by the green lines in Figure-2. The major improvement in
σz(z) and ∆z(z) come from rejection of catastrophic failures
rather than a tightening of the “good” photo-z. As the depth

of the photometry increases, it is found that fewer objects
need to be rejected to improve the photo-z estimates. In
case of survey-A, we find that 23% must be rejected to get
below σz(z) ≤ 0.05(1 + z), for survey-B it is 12% and for
survey-C, only 9%. The trade off between beneficial cleaning
and the wasteful loss of objects determines the robustness of
the cleaning. After the above cleaning has been performed,
the fraction of 5σ outliers (catastrophic failures) is reduced
below 0.25% in all the three Surveys (see Table-2). It should
be noted that we have not taken in to account priors such as
the size or luminosity of the galaxies, which might further
improve the performance.

3.3 Modification of the likelihood functions

We find that the photo-z estimates can be further improved
by modifying the L(z) on the basis of a relatively small
number of spectroscopic redshifts, as follows: First we define
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We find that the photo-z estimates can be further improved
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the performance without cleaning and the green lines after cleaning and the red line gives performance after cleaning and applying
correction. It is seen that with cleaning and correction σz(z)/(1 + z) ≤ 0.05 is almost reached in all the cases and systematic bias is also
reduced considerably. Survey-B after cleaning and correction reaches σz(z)/(1 + z) ≤ 0.05 easily. For survey-A 23% for survey-B 13%
and for survey-C 9% rejections were made after cleaning.

many galaxies with poor photo-z estimates have a bimodal
likelihood distribution. We therefore developed an algorithm
that searches for bimodality in the likelihood curves of each
galaxy. If a likelihood function contains more than one peak
separated by a certain pre-defined redshift difference and if
the ratio between primary and secondary peaks is above a
threshold value, then the galaxy is flagged as a likely out-
lier and can be rejected from the lensing analysis. This pre-
defined threshold value can be tuned from simulations of the
kind described here, or from spectroscopic measurements of
actual redshifts. Of course, this procedure will undoubtedly
remove some objects whose photo-zs are actually quite good,
but the lensing analysis is stable to this kind of exclusion.

After removal of doubtful photo-z, the errors in σz(z)
and mean bias ∆z(z) are dramatically reduced, as shown
by the green lines in Figure-2. The major improvement in
σz(z) and ∆z(z) come from rejection of catastrophic failures
rather than a tightening of the “good” photo-z. As the depth

of the photometry increases, it is found that fewer objects
need to be rejected to improve the photo-z estimates. In
case of survey-A, we find that 23% must be rejected to get
below σz(z) ≤ 0.05(1 + z), for survey-B it is 12% and for
survey-C, only 9%. The trade off between beneficial cleaning
and the wasteful loss of objects determines the robustness of
the cleaning. After the above cleaning has been performed,
the fraction of 5σ outliers (catastrophic failures) is reduced
below 0.25% in all the three Surveys (see Table-2). It should
be noted that we have not taken in to account priors such as
the size or luminosity of the galaxies, which might further
improve the performance.

3.3 Modification of the likelihood functions

We find that the photo-z estimates can be further improved
by modifying the L(z) on the basis of a relatively small
number of spectroscopic redshifts, as follows: First we define
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A ~ PS1

B ~ DES

C ≲ LSST

Euclid + 3 relevés sol de 
profondeurs différentes 
(r ~ 24, 25, 25.8, src étendue)

RMSbiais sans correction
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⟨σz(z)
1+z

⟩ for different surveys in the range 0.3 ≤ z ≤ 3.0

Survey Before Cleaning After Cleaning After Cleaning + Correction

Survey-A 0.1703 0.0884 0.0675
Survey-B 0.1164 0.0640 0.0497
Survey-C 0.0876 0.0492 0.0398

Table 3. The ⟨σz(z)
1+z

⟩ for the three surveys studied. After cleaning and correction has been performed survey-B just about reaches
σz(z)/(1 + z) ∼ 0.05 Euclid requirements.
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Figure 5. The bias in the mean of the tomographic bins estimates
from the Normalized

∑
L(z) functions for survey-C and survey-A

and survey-B. For survey-C, with cleaning for catastrophic fail-
ures and after applying correction gives |∆⟨z⟩/(1 + z)| ≤ 0.002.
Here the shaded region is |∆⟨z⟩| = 0.002(1 + z). We have intro-
duced a small offset in x-axis values of survey-B and survey-C for
legibility.

4 CHARACTERIZATION OF N(Z) FROM THE
LIKELIHOOD FUNCTIONS

In weak lensing tomography the photo-z s are used to con-
struct redshift bins which are then used to calculate the
lensing power spectrum. The actual N(z) of each bin must
then be known for quantitative interpretation of the lens-
ing signal. The mean of the distribution is most important
parameter (Amara & Réfrégier, 2007) and we therefore fo-
cus on this. Generally a single redshift estimator from the
photo-z code (i.e. the maximum likelihood photo-z) is used
to construct these bins. However, if using these single red-
shifts, the ∆⟨z⟩ requirement cannot be reached, as clearly
shown in Figure-2. This is because the maximum likelihood
redshifts cannot by construction trace the wings of the N(z)
that lie outside of the nominal bins, or trace the remaining
catastrophic failures associated with some of the photo-z.
Therefore a more sophisticated approach is required.

As noted in the Introduction, one approach is to un-
dertake a major spectroscopic survey of large numbers of
representative objects in the bin and define the actual N(z)
empirically in this way. As discussed there, there are a num-
ber of practical difficulties of doing this.

In this paper we explore a different approach, which is

to characterize N(z) as the sum of the likelihood functions
for each redshift bin. We define the mean redshift inferred
from summing the likelihoods as:

z = ⟨
∑

L(z)⟩ =

∫ ∞

0

z
∑

L(z)dz (13)

and the bias in estimating zreal as

∆⟨z⟩ = zreal − z (14)

We apply this approach using the same modification
techniques described in Section 3.3. The straight sum of the
original likelihood functions is able to characterize the red-
shift distribution well, as seen in Figure-4, which shows for
survey-C the summed L(z) follows (visually) both the the
catastrophic failures and the wings of the redshift bins well.
If we apply the cleaning algorithm described above, the num-
ber of catastrophic failures are removed and wings are con-
strained more tightly. However, this approach alone is not
in fact good enough to characterize the N(z) of the bins to
the required precision of |∆⟨z⟩| ≤ 0.002(1 + z).

To characterize the bins more accurately, the L(z) cor-
rection scheme as described in Section 3.3 was developed.
We compute N(P ) for each redshift bin separately, using
a spectroscopically observed subsample of 800-1000 galax-
ies per bin. After correction, the new likelihood functions
L′(z) for each galaxy, and therefore sometimes a new maxi-
mum likelihood redshift, is obtained. These are used to rebin
the galaxies and the sum of the new L′(z) are used to con-
struct N(z) for the bins. In Figure-5 the bias on the mean
of the N(z) is given for different redshift bins, and survey
parameters. The error-bars on each point shows the effect
of randomly picking different subsets for the the spectro-
scopic calibration repeatedly. In Figure-5 the shaded region
gives the Euclid requirement of |∆⟨z⟩/(1 + z)| ≤ 0.002 on
the mean redshift of the redshift bins. The black dots are
for survey-C, which easily reaches the Euclid requirements.
The red open boxes are for survey-B and it just meets the
Euclid requirement. The blue stars are for survey-A which
do not meet the specifications as given by the shaded re-
gion. From this analysis we conclude that for a Euclid like
survey, using a survey-B like ground based complement we
can characterize the N(z) of the tomographic bins to a preci-
sion of |∆⟨z⟩/(1 + z)| ≤ 0.002 and we need around 800-1000
random spectroscopic sub-sample per redshift bin to char-
acterize them.

The great advantage of this approach is that it sidesteps
completely the problems associated with the presence of
large scale structure in the spectroscopic survey fields, since
the spectro-z are used to characterize, and globally modify,
the photo-z estimates of individual galaxies, and not to char-
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biais après correction

A ~ PS1

B ~ DES

C ≲ LSST
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Couverture du ciel Euclid

>15 000 deg2, b>30
N et S
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Quels relevés ?

(liste non exhaustive !)

Nord
PanSTARRs

Subaru HSC

CFIS

Sud
DES

LSST
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PanSTARRs (PS1, PS2…)

Hawaii : couverture de tout le ciel nord

1, 2, 4(?) télescopes de 1,8m, champ de 3°, 1,4 Gpix

Qualité optique légèrement moins bonne 
qu’attendue

Incertitudes de financement
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HSC

Hyper Suprime Cam, sur le Subaru (Hawaii)

8,2m, champ de 1,5°, 870 Mpix, grizy

Relevé de faible couverture (1200 deg2), pas 
d’extension prévue (300 nuits sur 5 ans), 
recouvrement avec Euclid médiocre. 
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DES (Dark Energy Survey)

Blanco telescope (4m, Chili — CTIO)

Champ de 2,2°, 500 Mpix

Relevé de 5000 deg2 en grizy. En opération depuis 
septembre 2013.

Qualité de la caméra nominale. Qualité du 
télescope et de l’optique moins bonne qu’attendue. 
Seeing ~ 1”.
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LSST (Large Synoptic Survey Telescope)

Télescope de 8,40m au Chili, champ de 3,5°, 3Gpix

Relevé de 25000 deg2 en ugrizy, début en 2021(?).

Seeing typique attendu 0,7”, meilleur attendu 0,4”.

Une visite r=24,7. Dix ans r=27,7. (5σ ponctuel)

Après deux ans, r=26,5.

Phase de construction lancée à l’été 2014. 
Participation IN2P3 à R&D puis construction.
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LSST (Large Synoptic Survey Telescope)

Un document de principe déliminant un futur 
MOA LSST-Euclid a été approuvé par l’ECB, et 
par LSST-DESC (Dark Energy Science 
Collaboration)

Le texte prévoit qu’un groupe aura accès à 
l’intégralité des données des deux projets pour 
produire un catalogue photométrique/photo-z 
distribué aux deux collaborations.
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CFIS (Canada France Imaging Survey)

CFHT, Hawai (3,6 m), amélioré (filtres, readout)

Relevé dédié à Euclid de 7500 deg2 (+ extension de 
3000 deg2 moins profonde — DESI/Erosita) ugri.

Seeing 0,6”.

Utilisation des images d’archives : 600 nuits, début 
en 2017 (décisions en 2015).
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Données sol

DES et HSC sont en train de prendre des 
données : utilisables pour des tests.

Les données LSST et CFIS devraient arriver en 
phase avec les besoins d’Euclid.

LSST et CFIS sont scientifiquement les 
partenaires idéaux d’Euclid. Changement du 
paysage OU-EXT PF1.

OU-EXT/FR se concentre sur ces données.
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Pipeline

Filtrage, mise en forme, calibration astrométrique, 
calibration photométrique, analyse de qualité, de 
PSF… Single image/Stacks.

Besoin : intercalibration Euclid/sol excellente et 
uniforme.

Découpage OU-EXT > OU-MER > OU-PHZ
Mais très certainement itératif et très lié, la qualité des photo-z est le 
critère de validation de tous les éléments.
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Pipeline

Quel niveau d’intégration entre les traitements 
VIS, NIR, EXT et donc MER ?

Traitement au niveau des images individuelles ? 
(LSST : ~40 images par an, filtre et champ)

Utilisation de l’astrométrie VIS pour piloter un 
multifit ? Utilisation des informations de 
morphologie Euclid + sol pour deblending ?

Multifit sur SDSS stripe 82 avec le pipeline LSST : 
gain de 0.5 mag. Utilisé pour HSC.
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Conclusion

L’arrivée officielle de LSST et CFIS change le 
paysage : plus grande implication française

Le type de traitement requis peut avoir un impact 
important sur les besoins de calcul (images 
individuelles, stacks, catalogues…)

Dans un monde idéal, un traitement unique de 
l’ensemble des données…
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