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• OU-VIS defines algorithms that are implemented by the SDCs to process 
VIS images … 

• These algorithms are used to….
– Take raw images from the VIS camera and produces cosmic-shear 

ready images
– Astrometrically and photometrically calibrate the individual VIS 

images
– Produce stacked images and catalogue for legacy science
– Derive the instrument PSF

• Wide survey contains 14,000 square degrees (several hundred CFHTLS-
like surveys)

• “Do no evil”: all processing steps are driven by need to minimise additive 
and multiplicative biases in the the cosmic shear measurement
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combining such large samples of galaxies, the control of the
systematic effects becomes more and more important.

Effective control of the systematic effects requires first
an understanding of what effects may be present, and how
they combine with each other to introduce biases. Then it is
important to understand how significant each effect may be
in the overall performance. Some effects can be minimised
by better design of the instrument and survey, and by bet-
ter calibrations; others by alternative approaches in the data
processing and analysis. Each of these carries implications
for the viability of the experiment and for the cost and dura-
tion of the mission. For example, improved control of some
biases may be achieved through newer technologies which
carry more risk. Alternatively more conventional technolo-
gies could be used and the gains sought in the data analysis
algorithms.

In this section we first summarise how the biases affect
the derived cosmological parameters. Then we identify the
factors which contribute to these biases and quantify their
relative importance. Each factor generally has contributions
from other sources. We organise these into a structure which
allow the effect of each to be assessed; this attempts also
to clarify the relationships of the contributing factors. In
respect of each lowest-level factor, an initial analysis may
suggest that a certain level of knowledge can be reached,
but these may require revision in order to remain below the
permitted total bias, which will lead to further more detailed
analyses. The purpose of this section is not to identify the
values of the factors for any particular experiment, but to
rather illustrate a structure by which the performance of an
experiment in terms of the control of systematic effects can
be assessed, and the effects of changes in any aspect can be
propagated to the top level. This allows the optimisation of
the experiment to be achieved.

The procedure for quantifying the biases is as follows.
MHK12 and references therein consider that the true shear
γ of a galaxy will differ from that actually measured, γ̂, by
additive and multiplicative biases c and m (in the survey,
instrument and measurement process) as

γ̂ = (1 +m)γ + c. (1)

The two-point ellipticity correlation function is

ξij(θ) ≡ 〈γA
i γB

j 〉(θ), (2)

where θ is the angular scale and i, j refer to redshift bin pairs
averaged over all pairs of galaxies A,B. This can be used
(Hu, 1999) to constrain a set of cosmological parameters
usually through the corresponding Fourier transform power
spectrum Cij($). As a consequence of the biases c and m in
Equation 1, Cij($) will be modified (Kitching et al., 2012)
by additive A and multiplicative M biases into an observed

Ĉij($) = (1 +M($))Cij($) +A($). (3)

Cij is a function of spatial scale $ ≡ 2π/θ and redshift.
MHK12 (equation 22) show that

A = σ2[|c|]

M = 2 〈m〉+ 〈m〉2 + σ2[m]. (4)

to be tested for the cosmology are also relevant. However, the FoM
is a standard generally used for the comparison of surveys.

Non-zero A and M lead to a bias in the maximum
likelihood values of measured cosmological parameters (see
MHK12) and an decrease in the FoM (through an increase
in the covariance). As noted above, the contributors to σ[|c|]
and m must be derived through a careful process of identify-
ing all of the biases, including the imperfections in the galaxy
modelling and other effects. The requirement adopted by
MHK12 (shown in their figure 3) is that the systematic bi-
ases from both A and M be ! 0.31 of the random errors
contributing to Cij . To achieve this at the 95% confidence
level requires

A ! 10−7 ⇒ σ2[|c|] ! 10−7

M ! 4.0 × 10−3 ⇒ 2 〈m〉 <∼ 4.0× 10−3. (5)

We adopt the formulation in section 3.3 of MHK12,
based on that in Paulin-Henriksson et al., (2008), Paulin-
Henriksson, Réfrégier, & Amara, (2009):
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where R refers to the size of the PSF (convolution kernel)
or galaxy image and the ε to the polarisation, generally
referred to as the ‘ellipticity’, defined in terms of the un-
weighted second order moments in the image of the galaxy
(Seitz & Schneider 1995, Bonnet & Mellier 1995). Explicitly,
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where R refers to the size of the PSF (convolution kernel)
or galaxy image and the ε to the polarisation, generally
referred to as the ‘ellipticity’, defined in terms of the un-
weighted second order moments in the image of the galaxy
(Seitz & Schneider 1995, Bonnet & Mellier 1995). Explicitly,
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Ĉij($) = (1 +M($))Cij($) +A($). (3)

Cij is a function of spatial scale $ ≡ 2π/θ and redshift.
MHK12 (equation 22) show that

A = σ2[|c|]

M = 2 〈m〉+ 〈m〉2 + σ2[m]. (4)

to be tested for the cosmology are also relevant. However, the FoM
is a standard generally used for the comparison of surveys.

Non-zero A and M lead to a bias in the maximum
likelihood values of measured cosmological parameters (see
MHK12) and an decrease in the FoM (through an increase
in the covariance). As noted above, the contributors to σ[|c|]
and m must be derived through a careful process of identify-
ing all of the biases, including the imperfections in the galaxy
modelling and other effects. The requirement adopted by
MHK12 (shown in their figure 3) is that the systematic bi-
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level requires

A ! 10−7 ⇒ σ2[|c|] ! 10−7
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where R refers to the size of the PSF (convolution kernel)
or galaxy image and the ε to the polarisation, generally
referred to as the ‘ellipticity’, defined in terms of the un-
weighted second order moments in the image of the galaxy
(Seitz & Schneider 1995, Bonnet & Mellier 1995). Explicitly,
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combining such large samples of galaxies, the control of the
systematic effects becomes more and more important.

Effective control of the systematic effects requires first
an understanding of what effects may be present, and how
they combine with each other to introduce biases. Then it is
important to understand how significant each effect may be
in the overall performance. Some effects can be minimised
by better design of the instrument and survey, and by bet-
ter calibrations; others by alternative approaches in the data
processing and analysis. Each of these carries implications
for the viability of the experiment and for the cost and dura-
tion of the mission. For example, improved control of some
biases may be achieved through newer technologies which
carry more risk. Alternatively more conventional technolo-
gies could be used and the gains sought in the data analysis
algorithms.

In this section we first summarise how the biases affect
the derived cosmological parameters. Then we identify the
factors which contribute to these biases and quantify their
relative importance. Each factor generally has contributions
from other sources. We organise these into a structure which
allow the effect of each to be assessed; this attempts also
to clarify the relationships of the contributing factors. In
respect of each lowest-level factor, an initial analysis may
suggest that a certain level of knowledge can be reached,
but these may require revision in order to remain below the
permitted total bias, which will lead to further more detailed
analyses. The purpose of this section is not to identify the
values of the factors for any particular experiment, but to
rather illustrate a structure by which the performance of an
experiment in terms of the control of systematic effects can
be assessed, and the effects of changes in any aspect can be
propagated to the top level. This allows the optimisation of
the experiment to be achieved.

The procedure for quantifying the biases is as follows.
MHK12 and references therein consider that the true shear
γ of a galaxy will differ from that actually measured, γ̂, by
additive and multiplicative biases c and m (in the survey,
instrument and measurement process) as

γ̂ = (1 +m)γ + c. (1)

The two-point ellipticity correlation function is

ξij(θ) ≡ 〈γA
i γB

j 〉(θ), (2)

where θ is the angular scale and i, j refer to redshift bin pairs
averaged over all pairs of galaxies A,B. This can be used
(Hu, 1999) to constrain a set of cosmological parameters
usually through the corresponding Fourier transform power
spectrum Cij($). As a consequence of the biases c and m in
Equation 1, Cij($) will be modified (Kitching et al., 2012)
by additive A and multiplicative M biases into an observed

Ĉij($) = (1 +M($))Cij($) +A($). (3)

Cij is a function of spatial scale $ ≡ 2π/θ and redshift.
MHK12 (equation 22) show that

A = σ2[|c|]

M = 2 〈m〉+ 〈m〉2 + σ2[m]. (4)

to be tested for the cosmology are also relevant. However, the FoM
is a standard generally used for the comparison of surveys.

Non-zero A and M lead to a bias in the maximum
likelihood values of measured cosmological parameters (see
MHK12) and an decrease in the FoM (through an increase
in the covariance). As noted above, the contributors to σ[|c|]
and m must be derived through a careful process of identify-
ing all of the biases, including the imperfections in the galaxy
modelling and other effects. The requirement adopted by
MHK12 (shown in their figure 3) is that the systematic bi-
ases from both A and M be ! 0.31 of the random errors
contributing to Cij . To achieve this at the 95% confidence
level requires

A ! 10−7 ⇒ σ2[|c|] ! 10−7

M ! 4.0 × 10−3 ⇒ 2 〈m〉 <∼ 4.0× 10−3. (5)

We adopt the formulation in section 3.3 of MHK12,
based on that in Paulin-Henriksson et al., (2008), Paulin-
Henriksson, Réfrégier, & Amara, (2009):
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where R refers to the size of the PSF (convolution kernel)
or galaxy image and the ε to the polarisation, generally
referred to as the ‘ellipticity’, defined in terms of the un-
weighted second order moments in the image of the galaxy
(Seitz & Schneider 1995, Bonnet & Mellier 1995). Explicitly,
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Euclid
ConsortiumRequirements-driven processing

• √
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Euclid!
Consortium!Pipeline flow 

GDPRD 

science results 

Euclid data 

processing requirements 

SGS 

science objectives 

WL-SWG 

science requirements 

Euclid data 

ScRD 

industry EC 
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Euclid!
Consortium!Pipeline flow 

GDPRD 

science results 

Euclid data 

processing requirements 

SGS 

science objectives 

WL-SWG 

science requirements 

Euclid data 

ScRD 

industry EC 
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Euclid
ConsortiumShear pipeline
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Euclid!
Consortium!Weak Lensing Pipeline 

Shape measurement algorithm 

PSF (x,y,t,λ,S/N) galaxy SED in VIS band zphot 

SED weighted PSF priors/input 

OU-PHZ OU-MER OU-VIS 

shear estimate 

VIS images 

OU-SHE 

Color gradients lead to a biased 
shape estimator, which needs 
to be accounted for using a 
redshift and color dependent 
correction based on a 
calibration using HST data. 

OU-VIS and OU-SHE should 
establish the format of the images 
(e.g. which corrections applied) 

R-WL.2.1-8 
R-WL.2.1-9 

R-WL.2.1-24 

Slide from H. Hoekstra
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Euclid
ConsortiumVIS pipeline and VIS products

Astrometric 
solutions

Weight maps

Object 
catalogues

Noise maps

Bad pixel / 
region mask

Individual VIS 
images

Raw data

Linearity 
Correction

Bias removal

CTI-correction

Flat-fielding

Zody light cor

Cosmic ray 
flagging

Star-galaxy 
classification

Dark subtraction?

Illumination 
correction

telemetry

For a single VIS image Final VIS data products

Astrometric 
calibration

Photometric 
calibration

GAIA astro

Single VIS 
image

GAIA photo

Catalogue 
extraction

PSF model

Stacked VIS 
images
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Euclid
ConsortiumVIS flow-down

• In this simplified flow-down, 
only processing for 
individual images is shown

• Cadence of bias / flat field / 
dark images important

• How often are the PSF 
solutions / photometric 
solutions recomputed?

• What algorithms do we use 
to carry out these 
processing steps?

Image stacking

Raw data

Linearity 
Correction

Bias removal

CTI-correction

Flat-fielding

Zody light cor

Dark subtraction?

Illumination 
correction

telemetry

R-GDP-CAL-020
R-GDP-CAL-030
R-GDP-CAL-058
R-GDP-CAL-068

R-GDP-CAL-052
R-GDP-CAL-054
R-GDP-CAL-062

R-GDP-CAL-010

R-GDP-CAL-054
R-GDP-CAL-064

R-GDP-CAL-056
R-GDP-CAL-058

R-GDP-CAL-066
R-GDP-CAL-058

Cosmic ray 
flagging

Star-galaxy 
classification

Astrometric 
calibration

Photometric 
calibration

GAIA astro

GAIA photo

R-GDP-CAL-069?

R-GDP-DL2-020

R-GDP-DL-050

R-GDP-CAL-070
R-GDP-CAL-072
R-GDP-CAL-075
R-GDP-CAL-076
R-GDP-CAL-077

Stacked VIS 
images

R-GDP-DL2-030

Individual VIS 
images

VIS PSF model
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Euclid
ConsortiumConnection to calibration
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Euclid
ConsortiumPSF modelling

SWG/OU'mee*ng'–'October'2012 ' ' ' '''''''' ''page'10"

Euclid!
Consortium!Model PSF 

PSF (x,y,t,λ,S/N) 

OU-VIS OU-EXT 

star SED in VIS band GAIA data 

OU-MER 

VIS images 

OU-SHE 

OU-VIS and OU-SHE need to decide 
on the format of the PSF model. 

OU-VIS 

calibration 

PSF modeling 
The modeling can also use priors 
from the optical model of the 
telescope. 

This is ground-based data only 

OU-VIS and OU-EXT need to decide 
on the minimum scale for which the 
spatial drift in color is <0.2%  

Slide from H. Hoekstra
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Euclid
ConsortiumTasks for OU-VIS

• Prepare for the ground segment review: do all the VIS processing steps 
have a corresponding requirement?

• Are all these requirements verifiable, and if is so by what method?

• Develop realistic simulations of VIS images containing all known 
instrumental effects

• Define verification tests for the VIS pipeline

• Define software spec for VIS pipeline

• Investigate imact of colour calibration on VIS pipeline


