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The CFIS survey

Figure 1. The CFISWIQD (red outline) and CFISLUAU (blue outline) with respect to other surveys on an equatorial projection of
the entire sky. Points of interest are: galactic poles (NGP/SGP), ecliptic poles (NEP/SEP), etc. The CFHT semester boundaries are
indicated at the top (based on the LST at midnight) as well as the areas that will be observed from the A and B semesters. This
Mercator projection illustrates well the RA pressure of the survey but does not respect the relative areas vs. declination, areas near
the equator being larger. For example, the LUAU total sky area in blue is double of the WIQD outlined in red.

MegaCAM/CFHT, 2017 - 2019, u=24.5, r=24.1 (10s extended obj).

CFIS data status
http://www.cfht.hawaii.edu/Science/CFIS-DATA

CFIS + Pan-STARRS =
Unions

Pan-STARRS: 2018 - 2022, existing grizy, new, deep i, y over CFIS footprint.
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2.— Filter transmission of the six Pan-STARRS1 filters. gP1 , rP1 , iP1 , zP1 , yP1 , and w

Pan-STARRS data

CFIS WL science
CFIS is part of the Euclid survey. Ground-based optical bands for photo-z
in Northern hemisphere,
with Pan-STARRS, JST.

Stand-alone science with CFIS:
•

Testing General Relativity

•

Dark-matter halo properties

•

Tidal stripping of satellite galaxies
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isotropic universe.
To quantify gravitational lensing, however, we need to consider light propagation in an inhomogeneous universe. For a
general metric that describes an expanding universe including
Friedmann-Lemaître-Robertson-Walker
metricdwith
perturbations:
first-order
perturbations, the line element
s is given
as

Modified gravity
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Gravitational action on:
light. The spatial part of the metric is given by the comov• non-relativistic objects (galaxies):
ing coordinate l, which remains constant as the Universe
Newtonian potential 𝝭
expands. The two Bardeen gravitational potentials Ψ and Φ
• relativistic objects (photons; light deflection):
are
considered to describe weak fields, Ψ, Φ ≪ c 2 . The potentravel equal parts of space and time → sum 𝝭+𝚽
tial of a lens with mass M and radius R can be approximated
GR:
𝝭 =/R
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)(R
/Rmost
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equation.
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= <𝛿𝛿> or related.
condition
for most massP𝛿distributions,
excluding

Modified gravity
•

•
•

Measure different types of power spectra to measure differences
between 𝝭 and 𝚽.
•

Galaxy clustering measures 𝝭 and bias b:

<𝛿g𝛿g> ∝ b2 P𝝭

•

Galaxy-galaxy lensing measures 𝝭+𝚽:

<𝛿g𝛿m>∝ b P𝝭+𝚽

Take ratios to minimize sensitivity to cosmological parameters.
Need another observable to eliminate (linear) bias.
•

RSD anisotropy parameter

growth factor

1 d ln D+
=
b d ln a

Zhang et al. (2007)

Testing General Relativity on cosmological scales
Measuring gravitational action on light and galaxies:
Equal in General Relativity, different in modified gravity theories.
Modified gravity affects differently mass (galaxy clustering, non relativistic)
and light (weak lensing, relativistic), measuring the difference with
both probes will test GR.
weak gravitational lensing from
photometric survey (e.g. Euclid)

gravitational action on
relativistic particles
light deflection
observer
galaxy

dark−matter halo

peculiar velocities

gravitational action on
non−relativistic objects
redshift

galaxy clustering from
spectroscopic survey (e.g. DESI)

We use a sample of 70,205 luminous red galaxies16 (LRGs) from the

Sky Survey (SDSS)17, a homogeneous dataset ideal for the study of large-sc

Testing General Relativity on cosmological scales

structure. The galaxies have been selected according to the same criteria as

et al.18 They cover an area of 5215 sq. degrees and a range of redshifts z = 0
11

The redshift z = λmeas/λemis - 1 of the radiation emitted by a distant galaxy is

SDSS

(Reyes et al. 2010)

of the time of emission. The redshift of our galaxy sample, z = 0.32, corresp

bglookback
shear - fg
time of 3.5 billion years, when the universe was about 77 per cent
clustering

current size, and is already well into the accelerated phase of the cosmic ex

<δgδm>

sample also spans a large comoving volume, 1.02h-3 Gpc3, where the Hubbl

H0 = 100h km s-1 Mpc-1, and
1 Gpc (giga-parsec) = 1000 Mpc (mega-parsec
fg clustering
1025 m.

<δgδg>

Tegmark et al.19 measured the anisotropy in the power spectra of an e

selected sample of LRGs to determine the redshift distortion parameter β ≡
Figure 1 | Probes of large-scale structure measured from ~70,000
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Testing General Relativity on cosmological scales
13

Gravity ratio parameter

Reyes et al. (2010; Nature), SDSS
0.16 < z < 0.47

RCS2, Gilbank et al.
(2011), 800 deg2 in g’, r’,
z’, and i’ (2/3 of the area).

•

RCSLenS, Hildebrandt et
14. The annular diﬀerential surface density statistic for the galaxy-mass cross-correlation, Υ (R, R ), measured for the diﬀerent
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(2016),
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1σ error bars (s.d.) including the statistical error on the measurement19 of β

(filled circles). The grey shaded region indicates the 1σ envelope of the mean
EG over scales R = 10 – 50h-1 Mpc, where the systematic effects are least
important (see Supplementary Information). The horizontal line shows the mean
prediction of the GR+ΛCDM model, EG = Ωm,0 / f , for the effective redshift of the
measurement, z = 0.32. On the right side of the panel, labelled vertical bars
show the predicted ranges from three different gravity theories: (i) GR+ΛCDM
( EG = 0.408 ± 0.029 (1σ ) ), (ii) a class of cosmologically-interesting models
in f (R) theory with Compton wavelength parameters27 B0 = 0.001 − 0.1
( E = 0.328 − 0.365 ), and (iii) a TeVeS model9 designed to match existing

0

Simple CFIS prediction
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osmic mass distribution. In
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n et al. (2009a). While new
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chior et al. 2015; Chang et
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Figure 1. The quadrupole shear pattern produced by an elliptical
dark matter halo. The x-axis of the Cartesian coordinate system
is aligned with the major axis of the galaxy light distribution,
assumed to be aligned with the major axis of the dark matter
halo. Our sign convention for the Cartesian shear components is
shown at the right. Note that the monopole shear (which is purely
tangential) is not contributing to the pictured shear pattern.

Clampitt & Jain (2016)

Adhikari et al. (2015) shows that the tangential and
cross-components of shear from the quadrupole are given by

DM halo shapes

CFHTLenS: Halo ellipticity constraints

where we sum over lens–source pairs in an annulus around r. In this
ection, we indicate estimators with a hat for clarity, but we drop it in
he subsequent sections when presenting results. In our analysis, we
mploy inverse-variance weights wi for the source shape estimates.
These weights account for both measurement noise and the intrinsic
llipticity distribution (Miller et al. 2013). We use uniform source
hape weights for simulated data. The main reason for conducting
he analysis in terms of !", which is a rescaled version of the
hear, instead of the shear directly, is to adequately account for the
edshift dependence of the weak lensing signal.
We note that the tangential ellipticity components et of sources
rovide estimates for the tangential component of the reduced shear
t , while !" is defined in terms of the tangential component of shear
t . In galaxy–galaxy weak lensing, typically |γ | ≪ 1 and |κ| ≪ 1.
Hence, many studies have typically approximated the reduced shear
with the shear as indicated in equation (2). Here we implicitly acount for the difference when fitting the azimuthally averaged tanential shear profiles, as we find a small but non-negligible impact
or our most massive lenses. When studying the anisotropy in the
hear field, as detailed below, we however ignore reduced shear
orrections as they cancel out to leading order.
In our analysis, we fit the isotropic part of the measured shear
rofile with an NFW shear profile prediction according to Wright &
Brainerd (2000) in order to constrain r200c , the radius corresponding
o a mean overdensity that is 200 times the critical density at the

the assumed density profile and needs to be computed n
for non-power-law profiles (see M06).3 To recover the
M06, we define
|eh |
fh = f˜h ⟨cos(2!φh,g )⟩ =
⟨cos(2!φh,g )⟩ ,
|eg |
f (r) = frel (r)fh .

Then, equation (8) reduces to
!
"
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M06 show that the joint solution for the estimators of th
and anisotropic shear field components is given by
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where the summation is again over lens–source pairs in a
interval around r. Note that the factor 2 difference in
(13) and (15) compared to equations (4) 2
and (6) in M06
from the different ellipticity definition used by M06. T
comparison to M06 we decided to not rescale f(r), but rat

CFHTLenS, Schrabback et al. (2015)
93,000 bright galaxies i<23.5, 0.2<z<0.6, 150 deg .

Jain

DM halo shapes

SDSS, Clampitt & Jain (2016)
70,000 LRGs, DR-7
Figure 4. The tangential- (blue points) and cross-shear (red
triangles) estimators used in Mandelbaum et al. (2006), as well
as the corresonding best-fit model prediction to each (solid and
dashed lines, respectively). These also give a significant signal
with our lens and source sample, but subtraction of the two components to deal with systematic shear will also remove real signal
from the elliptical halo.

DM halo shapes
10

Edo van Uitert et al.

Figure 5. Isotropic weak lensing signal (left) around the brightest group members of GAMA groups with a multiplicity of Nfof ! 5,
and the weak lensing signal anisotropy (middle) around the major axes of the same BCGs (AX1). In the middle panel, black circles
! t,2 and red squares for Γ
! ×,2 . The dashed vertical lines indicate the lower and upper limit of the fit range, 40 kpc and 250 kpc
are for Γ
respectively. Solid lines are the best-fitting elliptical NFW profile. The right-hand panel shows the ∆χ2 surface as a function of the two
fit parameters, M200 and ϵh . The 1-, 2- and 3-σ contours are indicated with black lines and the best-fitting model with the blue dot.

KiDS-450 + GAMA, van Uitert et al. (2016)
2600 groups in 60 deg2
realizations approximates the measurement error.GAMA
We show
r<19.8

the correlation matrix in Fig. 4. We cannot discern significant oﬀ-diagonal terms, which is expected for a shape-noise
dominated measurement. The inset of Fig. 4 shows the ratio
of the error computed from shape noise over the bootstrap
error. The ratio is close to unity, suggesting that cosmic vari-

Tidal stripping of satellite galaxies
Environmental dependence of halo masses

Gillis et al. 2015

ve significantly lower errors, and thus
more to the χ2 value of the fit if the
t fit to the data.
we tested, we typically found for the
2
σm <
∼ 0.5M⊙ /pc , which is <
∼ 5% of the
gnal ∆Σ. For the LDE samples, most fits
d ≈ 1, and so no model error term was

l error is determined, we run an MCMC
etermine the errors of the fitted paramemass of satellite halos is relevant to us,
r all other parameters to get the mean
the satellite mass.

Figure 40
4. Lensing signals and fits for simulated lensing data for the ‘no stripping’ (left) and ‘stripping’ (right) scenarios (see Section 2.4). The ‘no stripping’
scenario shows similar one-halo fits for the HDE and LDE samples, while the ‘stripping’ scenario shows a lower one-halo mass fit for the HDE sample than
for the LDE sample. Error bars are not shown, as shape noise is not simulated for these data sets, and so the scatter is extremely small.

30

Table 3. Results of the fitting procedure when applied to simulated (top) and the CFHTLenS (bottom) data in various
stellar mass bins. All masses are in units of 1010 M⊙ . log m is the stellar mass bin. fsat is the fraction of satellites we use for
the fitting, based on data from the Millennium Simulation. MHDE and MLDE are the fitted one-halo masses for the HDE and
2 is the reduced χ 2
LDE samples. Mgr is the fitted mass of the offset group halo term. RM is the ratio of MHDE to MLDE . χred
parameter without the model error term (see Section 3.4) included (for 36 degrees of freedom; a value close to 1 is ideal).
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resent the results of the fits and discuss
n Section 4.1, we discuss the predicted
mulations, for both the “No Stripping”
odels. Section 4.2 presents the main re-
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Shear calibration

Shear calibration from simulations: tricks of the trade I

A&A proofs: manuscript no. shear_bia
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Shear calibration from simulations: tricks of the trade II
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Shear calibration

Error on best-fit m↵ given by width in "obs (including measurement errors),
g true , and stochasticity of galaxy images (from pixel noise),
Arnau Pujol, Martin Kilbinger, Florent Sureau, et
s
2
1
S,↵
2
p
=
+
m,↵
R,↵
2
N
g,↵
Second terms is dominant in most cases.
Arnau Pujol, Martin Kilbinger, Florent Sureau, et al.: shear bias estimator
A&A proofs: manuscript no. shear_bias_measurements

Assuming hg↵ i = 0, these relations become:
1 + m↵ =

h(eobs
↵

c↵ )g↵ i

2
g,↵

(13)

;

c↵ = heobs
↵ i.

(14)

We assume that R↵↵ and g↵ are not correlated, which is a
very good approximation since the shear bias is linear with
g↵ . Then, with
h(eobs
↵

c↵ )g↵ i = hR↵↵ g↵2 + S↵ g↵ i = hR↵↵ i

2
g,↵

+ hS↵ g↵ i,

(15)

we find

Ell. distribution.

Fig. 3. The stochasticity of the measurement of R due to noise.
The upper and lower panel show the distribution of R11 (blue
1 + m↵ = hR↵↵ i +
.
(16)
2
histogram) and R22 (in green) for two diﬀerent galaxies, respecg,↵
tively, shown as inlayed postage stamps, with diﬀerent properNote that the estimated m↵ is consistent with our ties.
method if hS↵ g↵ i = 0. A correlation between these two

Stochasticity for low SNR. Stochasticity for high SNR.
hS↵ g↵ i

Fig. 4. The
million simu
shows simil
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Noise suppression
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Shear calibration from simulations: tricks of the trade
III
Noise suppression
Simulate pairs of galaxies with same shear and orthogonal intrinsic ellipticity
(rotated by 90 degrees),
"IA + "IB = 0.
This however does not mean that the observed ellipticity vanishes, due to:
• Measurement stochasticicy
• Ellipticity bias, if depends on galaxy orientation wrt PSF, shear,

(pixelization)

• Selection e↵ects, one pair member might drop out of sample

Shear calibration from simulations: tricks of the trade
IV

Derivative method

More advanced noise suppression: ring test. Simulate n galaxies with
equidistant intrinsic ellipticity on ring around 0.
Derivative method
Write shear bias for individual galaxies, and as matrix equation (Hu↵ &
Mandelbaum 2017):
true
"obs
=
Rg
+c
↵
The shear response tensor R generalizes m: 1 + m↵ = R↵↵ .
To get population bias, average over measured shear responses hRi, and
correct measured ellipticities by hRi 1 .
Measure individual R as numerical derivatives
R↵

@"obs
= ↵
@g

by simulating the same galaxy several times with small added shear
± g↵ ⇠ 0.02. With same noise realisation this measurement is extremely
precise!
Martin Kilbinger

(CEA)

Weak Gravitational Lensing
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Shear calibration from simulations: tricks of the trade V
Arnau Pujol, Martin Kilbinger, Florent Sureau, et al.: shear bias estimator

Fig. 1. Scheme of shear response estimation for a single galaxy
for R11 .

We ignore the non-diagonal terms
found that their contribution averages
shear values are symmetrical around ze
We emphasise again that our new b
aﬀected by shape noise coming from the
lipticity. This is true not only for the es
for the bias distribution. In our method
ticity can be considered as just as anot
galaxy (such as the flux, radius, etc.) an
shear bias in a deterministic way, but do
the statistical uncertainty. Therefore, we
more precise bias estimation compared t
erage over observed galaxy ellipticities.
method requires a much smaller numb
ages. This will be quantified in Sect. 4.
simulations do not require a vanishing m
ticity, which can be a hurdle when dea
biases or galaxy weights.
In the following two subsections, w
monly used calibration methods to estim

This measurement is independent of ellipticity (observed and intrinsic) and
We then approximate the shear response (2) by finite difthus removes the main uncertainty
ferences, following of
Huﬀ error!
& Mandelbaum (2017),
Note: For a di↵erent noise realisation, the obtained R can be
quite
di↵erent.
3.2. Linear
fit estimation
e galaxy
e
But the use of many simulated
of methods
the to estimat
The most common
R ⇡
, images assures the
(4) sampling
2 g
the literature is to perform a linear fit
distribution of R, no additional error is introduced on the population
bias.
sheared galaxy images
(e.g. Heymans
e
is the measured ellipticity of the image with et al. 2013; Zuntz et al. 2013; Mande
Error on bias estimate: where
additional small shear ± g . We therefore create addi- Fenech Conti et al. 2017; Huﬀ & Mande
R,↵
tional sheared images for each
original one. With four stra et al. 2017; Pujol et al. 2017; Zunt
p
=
sheared images m,↵
we can estimate all components of R for delbaum et al. 2017). For each galaxy
each galaxy. To determine the shear
N response averaged over each bin of given galaxy properties) w
↵

obs,+
↵

obs,
↵

obs,±
↵

↵

a sample of galaxies, we only require two appropriately chosen shear values, or three images in total, see Sect. 5 and
App. A for more details.
To further reduce the stochasticity of our response estimator, we use the same noise realisation for all image
Weak
Part
II/IIellipcopies
forGravitational
each galaxy. This Lensing
guarantees that
intrinsic
ticity cancels exactly for our bias estimator.

tive and multiplicative biases c↵ and m
of the measured ellipticities as function
shear, as illustrated in the top panel o
of the parameter estimation can then b
knife resampling, and obtaining the dis
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parameters for each resample.
Alternatively, the straight line can

This method requires a factor of several hundred fewer image simulations.
Martin Kilbinger

(CEA)
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Shear bias uncertainty
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VI

Pujol, Kilbinger, Sureau & Bobin (2018), arXiv:180610537

(Pujol et al. 2018).

Work in progress
•
•
•

CFIS image simulations (Isaac Spitzer), shear calibration tests, validation of
metacalibration
Machine learning calibration (Arnau Pujol)
Higher-order terms in shear-ellipticity relation, spatially varying shear bias
(Axel Guinot, Olivier Kauffmann)

Simulations Travail effectué - calculs analytiques
Ajouter un terme
supplémentaire dans le
calcul de l'ellipticité.

Simulations include:
● Galaxies
○ Sersic profiles
○ Properties from COSMOS
○ Randomly distributed
○ Past the detection limit
○ Multiple rotations

La réponse de l’ellipticité
observée au cisaillement
dépend alors de l’ellipticité ●
intrinsèque.
●

Possibilité d’ajouter des
termes d’ordres
supérieurs

Stars
○ Constant and isotropic for now
Noise

