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The shape measurement challenge

• LSS induces shall shear g (or γ) to images of high-z galaxies, |g| � |ε|
intrinsic ellipticity

• Beat down noise by averaging over many galaxies, 〈ε〉 = g.

• Measured shapes are basically never unbiased. Write
〈ε〉 = gobs = (1 +m)gtrue + c
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Shear calibration with image simulations

Done for most weak-lensing surveys:

• Simulate a lot of galaxy images with realistic properties, PSF, redshift
distribution, . . ..

• Compute m and c as function of galaxy properties.

• Correct measured ellipticities.
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Figure 13. Shear bias for IM3SHAPE measurements on the GREAT-DES simulation: multiplicative bias (left) and PSF leakage (right), as functions of the
measured (S/N)w and Rgp/Rp. The fits, which are used to calibrate the shear estimates on the data, are smooth functions in both of these variables. Solid
lines show the fits vs (S/N)w at particular choices of Rgp/Rp.

function of pixel intensities affected by Gaussian noise, resulting in
noise bias in the estimated shear values. The IM3SHAPE algorithm,
being a maximum likelihood estimator, is known to suffer from this
effect.

In addition, we found a small selection bias, which is intro-
duced by using recommended IM3SHAPE flags (cf. §7.3.3) and the
selection based on galaxy size and S/N (cf. §9.1). We also expect
a small amount of model bias due to realistic galaxies not always
being well fit by our bulge-or-disc model. This model bias is ex-
pected to be small compared to the requirements (Kacprzak et al.
2014).

To account for all of these sources of error in our shape
measurements, we calculated bias corrections of the form shown
in equation 3.4. Specifically, we fit for m and ↵ as functions of
(S/N)w (defined in equation 7.3) and Rgp/Rp (the FWHM of the
PSF-convolved galaxy divided by the FWHM of the PSF) on sim-
ulated data from the GREAT-DES simulation (cf. §6.1). We ran
IM3SHAPE on the simulated data in the same way as we do on the
DES data, including the same choices of input parameters.

In principle, the two multiplicative terms, m1 and m2 should
be treated as independent biases. In practice, however, when av-
eraged over many galaxies we find virtually no difference be-
tween the two. As such, we correct both e1 and e2 by the average
m = (m1 + m2)/2.

We fit both m and ↵ as two-dimensional surfaces in the S/N
and size parameters. Due to the complicated structure of this sur-
face, we fit m with 15 terms of the form (S/N)�x

w (Rgp/Rp)�y ,
where x and y are various powers ranging from 1.5 to 4. To control
overfitting, we used a regularization term in the least-square fit and
optimized it such that the fitted surface has a reduced �2 = 1. A
similar procedure was applied to ↵, where we used 18 parameters
in the fit. In Figure 13 we show these fits as curves in (S/N)w in
bins of Rgp/Rp. However, the actual functions are smooth in both
parameters.

We checked if our calibration is robust to the details of this
model by (1) varying the number of terms in the basis expansion
and (2) splitting the training data into halves. For both tests the
changes in the mean multiplicative and additive corrections applied
to the SV data did not vary by more than 1%.

In §7.2, we mentioned that (S/N)w is a biased measure of

S/N with respect to shear, so if it is used to select a population of
galaxies, it will induce a selection bias on the mean shear. Rgp/Rp

similarly induces such a bias. Thus, when we bin the shears by
these quantities to construct the calibration functions, there is a se-
lection bias induced in every bin. The scale of selection bias reaches
m ' �0.05 for the most populous bins. This is not a problem for
the correction scheme so long as the overall selection is also made
using these same quantities. In that case, the shear calibration au-
tomatically accounts for the selection bias in addition to the noise
bias.

We tried using (S/N)r in the calibration model rather than
(S/N)w to help reduce the level of the selection bias in each bin,
but we found that it does not perform as well as using the standard
(S/N)w. Perhaps not surprisingly, the noise bias seems to be more
related to the S/N of the actual galaxy than it is to the counterfac-
tual round version of the galaxy used for (S/N)r . In future work, it
would be interesting to seek an effective shear calibration scheme
that disentangles noise and selection biases, but we have not found
one yet.

We used these fits to estimate the multiplicative and addi-
tive corrections to use for every galaxy in the IM3SHAPE cata-
logue. However, it should be stressed that this bias estimate is it-
self a noisy quantity, being based on noisy estimates of the size
and S/N . Therefore one should not directly apply the correction to
each galaxy individually. Rather, the mean shear of an ensemble of
galaxies should be corrected by the mean shear bias correction of
that same ensemble (cf. §9.2).

Note that a selection bias can appear whenever a subset of
galaxies is selected from a larger sample. In the cosmological anal-
ysis, we apply recommended IM3SHAPE flags, cut on Rgp/Rp and
(S/N)w, and then typically split the galaxies into redshift bins.
The redshift selection in particular is not used in the shear calibra-
tion process, so it is possible for there to be uncorrected selection
biases in the different redshift bins. In §8.5, we test that the shear
calibration nevertheless performs well in this scenario by applying
the same selection procedure to the GREAT-DES simulation. There
we demonstrate that all biases are removed to the required tolerance
level in all redshift bins.

MNRAS 000, 1–37 (2015)

DES, (Jarvis et al. 2016)

Euclid
Very high requirements on uncertainty of m and c, e.g. |∆m| < 0.1%.
Necessary to get the few percent uncertainty on dark energy!
To achieve this accuracy, billions of galaxies need to be simulated (Hoekstra
et al. 2017).
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Recently, a new calibration method was developped, reducing the number of
simulated galaxies by up to 3 orders of magnitude (Pujol et al. 2018).

Will be implemented in subsequent SGS science challenges and OU-SHE
validation.

This allows us to study in much more detail

• bias as function of galaxy properties

• bias for individual galaxies

• blended galaxy images

• spatially varying bias

• bias from selection effects

• bias for simulated Euclid VIS images
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Possible tasks for this table ronde

• Algebraic.

• Explore transformation properties of bias (spin-2, spin-4 components,
phases).

• Examine high-order terms in ellipticity-shear relation, neglected in (Pujol
et al. 2018).

• Numerical:

• Spatially variable bias models, effect on shear statistics such as the shear
power spectrum

• Examine (individual) shear biases as function of (high-d) galaxy
properties, use machine learning

• Work with Euclid VIS simulations

Summary: working on shear calibration . . .

• is super important for Euclid

• involves brand-new state-of-the-art method

• does not require large amount of expert knowledge
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Tools

• GALSIM to simulate galaxy images.

• jupyter notebook implementing (Pujol et al. 2018) method. Arnau
Pujol happy to be involved.

• athena, pallas.py, healpy to compute correlation functions and power
spectra
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Other information

• http://ntessore.github.io/notes/180624.html
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