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Cosmic shear

Distortion applied to image coordinates
(linear approximation) :

convergence
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Cosmic shear

Distortion applied to image coordinates
(linear approximation) : ‘l""l""ﬁ"'l"'ll
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Cosmic shear and cosmological parameters

Two-point correlation function (2PCF) :

[ lens
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Cosmic shear and cosmological parameters

Two-point correlation function (2PCF) :

. [ lens
£:(6) = (rv) (6) & (1) 0) {2027 0.
:(0) = 5 [ AT (OP.O - K

B 3 H() : 0 DDDDS
“°(Z>—5(T> “m/‘g D; ¥

Density contrast :
Matter density fluctuations
Evolution with redshift




LSST : Large Survey of Space and Time

Figure :

First ground-based telescope designed for weak lensing
— Primary mirror : 8.4m

— 3200 megapixels camera

— Scale : 0.2 arcsec/pixel

rubinobservatory.org



LSST : Large Survey of Space and Time

First ground-based telescope designed for weak lensing
— Primary mirror : 8.4m

— 3200 megapixels camera

— Scale : 0.2 arcsec/pixel

Most sensitive probe for constraining dark energy

Clust Y10

Stage III

SN Y10

3x2pt Y10

LSST all+Stage 111

Figure : rubinobservatory.org arxiv:1809.01669



LSST : Large Survey of Space and Time

Unprecedented density of galaxies in
images :

- Density : ~40 galaxies/arcmin?®
(~26 after blending and masking)

- Total lensing : ~1.7 billion galaxies

DES : ~5.6 galaxies/arcmin?
HSC : ~15 galaxies/arcmin?

= Precision cosmology !




Shear bias

Cosmological estimations with cosmic shear possible with LSST, but complex

measurement associated with biases :
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Shear bias

Cosmological estimations with cosmic shear possible with LSST, but complex
measurement associated with biases :

m < 1.5x10°?

90[?8 _ (1 _|_gtTU€ _|_ ¢ < 13x10°*

Many sources : (Cropper 2013)

Poor estimator calibration
PSF size

Shot noise

PSF anisotropy
Astrometry

Galaxy selection bias



Shear bias

Cosmological estimations with cosmic shear possible with LSST, but complex

measurement associated with biases :
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Shear bias

Cosmological estimations with cosmic shear possible with LSST, but complex

measurement associated with biases :

m < 1.5x10°?

90[?8 _ (1 _|_gt7“U€ _|_ ¢ < 13x10°*

Many sources : (Cropper 2013)

- Poor estimator calibration
PSF size 3
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PSF anisotropy
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Shear bias

Cosmological estimations with cosmic shear possible with LSST, but complex

measurement associated with biases :

m < 1.5x10°?

90[?8 _ (1 _|_gtTU€ _|_ ¢ < 1.3x10°*

Many sources : (Cropper 2013)

- Poor estimator calibration

- Shot noise —} fi_j/_(é?) — P(l) = f{QM, Ogj

bias on shear

bias on cosmology




wWhat shape do we measure ?

Galaxy with
infrinsic
ellipticity

ei



wWhat shape do we measure ?

Galaxy with Cosmic shear
intrinsic distortion
ellipticity
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wWhat shape do we measure ?

Galaxy with Cosmic shear PSF : atmosphere +
intrinsic distortion instrumental
ellipticity response

el el + shear e' + shear + PSF



wWhat shape do we measure ?

Galaxy with Cosmic shear PSF : atmosphere +
intrinsic distortion instrumental
ellipticity response
el e + shear e' + shear + PSF

Pixellisation

e' + shear + PSF +
pixels



wWhat shape do we measure ?

Galaxy with Cosmic shear PSF : atmosphere + Pixellisation
intrinsic distortion instrumental
ellipticity response

el e + shear e' + shear + PSF pixels

< ]

Signal we want to
measure (g) 8

[ei +-she0r + PSF +J

Our observable (e)



Estimator : Ellipticity Taylor’s expansion

Oe

Averaging over a large number of galaxies :

(€)= {ely) + {95 10} + - [~ (Rg)

Y

=0




Method

m < 1.5x107?

90[?8 _ (1 _I_gtTUG _|_ c < 1.3x10™

(Cropper 2013)

Many sources :

- Poor estimator calibration

(9) = (R)™He)

Self-calibrated shear
estimator
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Method : Second moments and calibration

Shape measurement :

Second moments

11



Method : Second moments and calibration

(X‘XO)(X‘XO)T

—A—
Shape measurement: M/ — XXTW(X)I(X) dX?
Second moments / | \

Pixel . —
coordinates Weight I'=ly®y
function
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Method : Second moments and calibration

(X‘XO)(X‘XO)T
—r—
Shape measurement : M = XXTW(X)I(X) dX2 ) e = (

Second moments ‘/ l \
Pixel : — Ellipticit
coorclj)i(r?ates Weight I'=1Iy® P Y
function

Normalized by the flux

€1 . 1 M:ca:
€9 , F

2M,,

o Myy
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Method : Second moments and calibration
(X‘XO)(X‘XO)T

€1 1 M;w, — Myy
Shape medasurement: Af = XXTW(X)I(X) dX? =) e = = ¥a o]
€ z
Second moments / | \ ? Y
Pixel Weight I=I® E“|pT|C|Ty

coordinates >
function

Calibration :

Second moments
derivatives with
respect to the

shear
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Method : Second moments and calibration

Shape measurement: )N — XXTW(X)](X) dX2 NN

(X‘XO)(X‘XO)T
—A—

Second moments

Calibration :

Second moments
derivatives with
respect to the

shear

I

Pixel .
coordinates We|ght
function

dM [ dG(S(y), X)
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\

I=Iy®y

I0dX*
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Method : Second moments and calibration
(X‘XO)(X‘XO)T

€1 1 M;w, — Myy
Shape measurement: A/ = [ XXTW(X)[(X)dX? == e= - =

€2 F 2M,,
Second moments j l \
coorPcii)i(r?Ltes Weight I =1Iy® E”IpTICITy

function

dey  Oep
Calibration : ‘:{_M - fdG(,Sd(V)’X) 1(X) dXx> m—) R = (69‘2 3‘2
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Method : Second moments and calibration

(X—XO)(X—XO)T

€1 1 M;w, — Myy
Shape measurement: A — XXTW(X)I(X) AX2 =) e = ) =F 017
Second moments / l \ 2 vy

Pixel Weight J = IO ® w E“|pT|C|Ty

coordinates >
function

Calibration : d_M - f({G(S(y)’X)]](X) dX>? === R = (6951 g(gl
Second moments dy dy a_l (9_2

82 82
derivatives with

oM.,  OM,  20M,,
respect to the 2 _ ( dg1 gl 0g1 J

° — | oM, oMy, 20M,y
shear 0g> g2 0g>

Auto-calibration factor »



Method : Second moments and calibration

M(S) = / (XXTW(X))p@l(SX)dX

.“vr ;‘, |
QJ X

SX

12


https://arxiv.org/abs/1702.02601v2

Method : Second moments and calibration

M(S) = / (XXTW(X))p@l(SX)dX

~B<
J g

SX

— Distorting original image introduces correlated noise !

12


https://arxiv.org/abs/1702.02601v2

Method : Second moments and calibration

X SX

M(S) = / (XXTW(X))p@l(SX)dX

<J

Parseval identity :

B

N

M(S) = / \(XXTW(X)G@@D_J)]O(SX)dXQ

"X

12


https://arxiv.org/abs/1702.02601v2

Method : Second moments and calibration

X SX

/ F(X)I(SX)d*X = / F(S ' X)I)(X)d*X

M(S) = / (XXTW(X))p@l(SX)dX

<J



https://arxiv.org/abs/1702.02601v2

Method : Second moments and calibration

X SX

M(S) = / (XXTW(X)@Iy(SX)dX?

<J

M(S) =/F(Sk)lo(k)d2k +—— Fourier space

14


https://arxiv.org/abs/1702.02601v2

Method : Second moments and calibration

X SX

k)d’k «—— Division + Multiplication by the PSF

M(S) = / X XTI (X))@ Iy(SX )X

<J

||
\\

14


https://arxiv.org/abs/1702.02601v2

Method : Second moments and calibration

X SX

M(S) = / (XXTW(X))p@l(SX)dX

«Q
N
ES\/
<
®
=
%
S
Il

Convolution in real space

14
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Method : Second moments and calibration



https://arxiv.org/abs/1702.02601v2

Method : Second moments and calibration

M(S) = / (XXTW(X))p@l(SX)dX

X SX

No distortion applied on original
image !

Allows shear estimations on
under-sampled images

14


https://arxiv.org/abs/1702.02601v2

Method : Shear estimation

(e} 1 Mze — My, o
e = = — Shear estimation :
€9 F 2Mmy

L [Key=RYKe)




Galsim convention
Method : Technical aspects r

| | 9 3
S = T+ &1 &2 X\ _gf*
. . N 1-g2\ &2 L y y
Application of shear variations (x¢€) to
calculate derivatives : distortion of the // // // // // // // // / // //
coordinate system (with § matrix), then // // // // // // // // // // //
interpolation of the image (F function) S
onto the new grid. ][ HHHHAH
[T7 77777777
(7777777777

M(S) = / Wl @ F(SX)(X)dX?

16



Galsim convention
Method : Technical aspects r

1 1 : b .
s = ( a8 ) (AJ)ZS(A)
. . N 1-g2\ &2 — &1 y y
Application of shear variations (x¢€) to
calculate derivatives : distortion of the // // // // // // // // // // //
coordinate system (with § matrix), then // // // // // // // // // // //
interpolation of the image|(F function) // // // / // // // // // // /
onto the new grid. HHHHAH

[ [T/ ] /]
[T 77

16



Galsim convention
Method : Technical aspects r

g, 1 (l +g 1 2 ) ()L;) g (x)
. . . . = g2 &2 — 81 ) Yy
Application of shear variations (x¢€) to
calculate derivatives : distortion of the / // // // / / / / // / /
coordinate system (with § matrix), then // // // // // // // // // // //

interpolation of the image|(F function) // // // // // // // // // // /
onto the new grid. T

[ [T/ ] /]
[T 77

grid distortion

>

interpolation

8§,=0:8,=x¢

16



Galsim convention
Method : Technical aspects r

S =

b)

l —_ g- (22

Application of shear variations (x¢) to

| (l+g1

calculate derivatives : distortion of the

coordinate system (with § matrix), then

interpolation of the image|(F function)

onto the new grid.

82 ‘o ¥
1 —gl) = (_\") =% (\)

[/ ][]
[ [/ ]]
[ [/
[ ][]
[/ ] )]
[ [ ]]]
[ [T ]]]
[/ ] )]
[ [T/ ] /]
[T 77

M SMy, - SM,_

>

interpolation

0g, Je
OM  SMy, —SM,_

8§,=0:8,=x¢

grid distortion
' ‘

(9g3 B 2€

16



Galsim convention
Method : Technical aspects r

1 L+igi 82 ) : X
S = : N _
1—g2( & 1-a (>) S(y)

Application of shear variations (x¢) to

calculate derivatives : distortion of the // // // // // // // // // // //
coordinate system (with § matrix), then // // // // // // // // // // //
interpolation of the image (F function) // // // / // // // // // / //
i (7777777777
onto the new grid. 777777
[T7 77777777
(7777777777

Sampling: with .
I=1 QI]l & M=M + - J : the Jacobian involved in
¢ 4 PDIX the affine transformation of s 0O
coordinates (pixel « physical) J =
JIt | | 0O s
M = XXTI( X) dZX + [—— - s : the image pixel scale
12 (arcsec/pixel)

17



Method : Technical aspects - shear & sampling cross-effect

As we measure the SM matrices on a distorted pixels grid, we should subtract a
distorted pixels second moments matrix Mpix to recover the real object second
moments.

New second moments formalism :

M(s,€) o<[7 + e + a’eﬂ#—[ﬁf + 5’84J+[5826]+[5’546]

sampling x shear
correction

theoretical

sampling correction
second moments piing

18



Method : Technical aspects - shear & sampling cross-effect

As we measure the SM matrices on a distorted pixels grid, we should subtract a
distorted pixels second moments matrix Mpix to recover the real object second
moments.

New second moments formalism :

SSB
M(s,€) o<[7 + e + a’eﬂ#—[ﬁf + 5/84]—|—[582€]+[5,846}
sampling x shear
correction

!

No big impact of the galaxy profile on
the estimation of &, but highly related
to the size of the galaxy !

theoretical

sampling correction
second moments piing
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Method : Technical aspects - shear & sampling cross-effect

As we measure the SM matrices on a distorted pixels grid, we should subtract a
distorted pixels second moments matrix Mpix to recover the real object second
moments.

New second moments formalism :

SSB
M(s,€) o<[7 + e + a’eﬂ#—[ﬁf + 5/84]—|—[582€]+[5,846}
sampling x shear
correction

theoretical
second moments

I !

—— delta_sq

0.029 — fit:y = 7.10e+02x"3 + -2.53e+02x'2 + 2.92e+01x + -1.06e+00 = No big impact of the galaxy profile on
“008 060 0l0 oll o0z oi3 0l ol the estimation of &, but highly related

M-x-xgauss H
_ to the size of the galaxy !
Relation between & and the galaxy 2nd moments 18

sampling correction




Method : Technical aspects - shear & sampling cross-effect

Before SSB correction After SSB correction
x10~*
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1.0 + : X g
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Results on noise-free simulations



Bulge + Disk galaxies

8i-8i*/g
=
=

Moffat PSF
n = 1.0 (bulge)
r = 0.8” (disk)
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Realistic galaxies (COSMOS catalog)

e Moffat PSF
. T R = 1 . 6 2 150
X10—5 | 100
+ & 50
1 ++ :(- X &
: X
*. 0 X : X X
TR 1 RO — R s A -
- + + )@S COSMOS galaxy (object n°31085) Gaussian (GalSim)
X X+ + 100
-1 i 80
+ + %
o+ g
: £,00 60
s 4]
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g + + + + ++ 2 0 10 2 % 4 s 6 "0 10 2 3 4 50 &
82
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Noisy simulations



Received image

e + shear + PSF + pixels

e + shear + PSF + pixels + noise
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Ellipticity bias

€2

0.4 1

0.3 A

0.2

Ellipticity bias (measured-true)

NNAXNAY 27
\\\AI//;\
N~ %X Y V4 4
o # S 7 U AN\
2 ¥ F ¥V U O N\
A VN NN

Observed ellipticity :

noise
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Noise bias correction

(z = zo)(z —(zd)" —
—A—

M = / XxXTwx)r(x)dx?

Galaxy position measured on @
noisy image — introduces a bias !

24



Noise bias correction

T o .
(z — x0)(x —[xg ___, Gdlaxy position measured on a |
— noisy image — introduces a bias !

M = / XxXTwx)r(x)dx?

Idea : calculate an analytical formula of the second moments noise bias :

dm 1 d*m
mi(l ) = mi(D) + 3 Trime+ 5 > | g
k kl

24



Noise bias correction

T o .
(z — x0)(x —[xg ___, Gdlaxy position measured on a |
— noisy image — introduces a bias !

M = / XxXTwx)r(x)dx?

Idea : calculate an analytical formula of the second moments noise bias :

dm 1 d*m
m1(1+n):m1(1)+ZdT;nk+§Z fknl
k

Same for the flux : F' = Z W(z — x)l
And the position variance : V(CI}())

24



Results : Position variance prediction

Position variance

0.0020

—— prediction Vx
—— prediction Vy
ical V
0.0015 —1— numerical Vx
—— numerical Vy
0.0010
0.0005 +

Residuals
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2

noise
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o K
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335 350
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—}— residuals Vx
—— residuals Vy
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0.0025 1

0.0020

0.0015
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prediction Vy
numerical Vx

tH |

numerical Vy

\ /
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
x10~4

Residuals

—}— residuals Vx
—}— residuals Vy

—03 02 —0.1 00 01 02 03
ellipticity
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Noise bias components

Results : Flux bias prediction

F:ZW(x—xo)I Br =B+ By

| —— Flux noise bias prediction
S B] § 0.04 I Frnes — Firue
0.15- B, 50.03
— Total =
s}
0.10 £ 002y
0.01+ : : : . . . . ;
0.05- 22 24 26 28 30 32 34 36
0.001 : | ‘ J |
S 0.00 \ | |
s | |
—0.05 g
—0.011

SNR 2gNR



Results : Second moments bias prediction

mgﬂ = Z a:’oia:ZWka

0.03
0.021

ias components

0.011
0.00

|
=
(=]
—_

20 25 30 35 40 45 50
SNR

1
BM: §(T12+2T13+T33)+2T14+T34

Noise bias components

0.08

0.06+

0.044

0.021

0.00

-0.02

—0.041

20 25 30 35 40 45 50
SNR
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Results : Second moments bias prediction

Mmes - BM

M, =
Fmes — BF

x10~* M, normalized %104 M., normalized
—+= M -My
—— Me-ME, //"{
81 0
I | |
§ 61 é /{
3] o —1
o) 41 o
: =
212_ =
-3
01 H I | ' —— Mge-m
| W _|_ Mrl;ue _ M:“
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28
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Results : Ellipticity bias correction

€1 1 Mm; — Myy

e — = —_—
€9 F 2M Ty
0.007 1 _|_ elyue — €luocorr + €2 true — €2nocorr
el —eleorr 2 true — €2 corr
0.000 P |
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2 0.004 5
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] S
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£ 0002/ — | =
G 3
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20 22 24 26 28 30 32 34 20 22 24
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28
SNR
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32
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Auto-calibration factor bias prediction

[/ ] ]
[/
[

[T
— [T 777777 > Second moments

[ )]
7777777777 and flux correlated !

[ [/ ] ]
[ [ ]
[ L[]
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Results : R correction

Mmes BM
M,
Fmes - BF
x10~* S‘Z M Ip
4 1 I SM, t);c‘)zcte —-SM r)fgisy
_I_ SMt)iC"ie - SML)'C(frr
3] l SMt);}l)te -SM r}:r)))isy
SMI);‘{M - SM(’.y('}]r T
Q
Q
5
= -
=
=
31
0 1 |
I }/ //[ |

20 30 40 50
SNR

SM difference

SM,

x10~
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—— SMy, —SM

—— SMY, —SM

noisy

corr
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Results : R correction

R difference

0.0005

0.0000
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R difference

Results : R correction

R11 R22
0.00025 '\"\,\'\‘———‘
0.00025
0.00000
0.00000
~0.00025
10.00025
—0.00050
10.00050
—0.00075
10.00075
~0.00100
"¢ 10.00100
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5
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b o
& 0.00 | | I 0.00 | | I
-0.25 + Rime—R, -0.25 + Riue—R
—— Rupue—R —— Rpe—R
—0.50 - -0.50 =
20 25 30 35 20 25 30 35
SNR SNR

Perspectives :

- Combining numerical and
analytical derivatives

- M derivatives wrt shear in Fourier
space (disappearance of SSB ?)

- Calculate the true noise bias
prediction (JAX,
)
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Conclusion

e L SST: future-generation survey — precision cosmology
e Bias in shear measurement : limit to be set on m (< 107?)

e Development of a self-calibrated shear estimator

— Independent of galaxy profile
— No distortion applied to the original image
— Satisfactory results on basic (noise-free) tests
e Noisy simulations : analytical formulas to correct noise bias
— Good correction of ellipticity bias

— Auto-calibration factor : promising initial results, work in progress
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Simulations

e Images simulated with the GalSim package

e Used profiles :

- Galaxies : Gaussian, Sersic, Bulge + Disk

- PSF : Gaussian, Kolmogorov, Moffat

10!

10°

1072

Surface Brightness (log)

1073

Gaussian (Ry = 1.5)

Sersic (n =0.6, Ry = 1.5)
Sersic (n = 1.0, Ry = 1.5)
Sersic (n=1.5, Ry = 1.5)
Sersic (n =3.0, Ry = 1.5)
Sersic (n =4.0, Ry = 1.5)

10°

Radius (log)

10!

Surface Brightness (log)

10°

1072

._
9
L

._
2
=}

—— Kolmogorov (FWHM = 0.8)
—— Moffat (b = 3.5, FWHM = 0.8)

Gaussian (FWHM = 0.8)

72
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Simulations

e Images simulated with the GalSim package
e Used profiles :
- Galaxies : Gaussian, Sersic, Bulge + Disk

- PSF : Gaussian, Kolmogorov, Moffat

g1 =0.05 g>=0.05

81 =g =005
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Simulations

e Images simulated with the GalSim package
e Used profiles :

- Galaxies : Gaussian, Sersic, Bulge + Disk

- PSF : Gaussian, Kolmogorov, Moffat
e Sizes choices : Trace Ratio (TR) :

- Fixed PSF size (FWHM = 0.8 arcsec)

- Fixed W size (Gaussienne FWHM =1 arcsec)

- Simulations with TR ~ 1.5

TR =

N
Mimage = ZXiXJTWi[IO ® Y

T 1,]

Tr(Mpsr)

N
Mpsr = ZXinWHbi

1,
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Impact of multiplicative bias on cosmological parameters

160 1:3-— I

140 —ES$F =T
=
o A
=
= 120 A —
2 /r,/,C’S a‘(” W
£ 100 / "
y.0aP =
g V“Y
.g 0
=
o .
= -
= [ e ==
QN o P, i Ll )Va
3 Ein
=
0 0.01 0.02 0.03 0.04

prior on multiplicative factors in shear

Huterer 2006 75



Shear correlation functions

2 shear components for each galaxy — one tangential and one crossed :

y:=—-R (73_2@)
yy = _ 55 (‘}/6_2@)
Then the 2 non-zero components of the 2pt correlation function :

+ = (yyo(0) = (yrye) + (yYxyYx)

£ = R [0 | =y = (rrs)

76



Shear estimation formalism

1075
2.0 S
15 4t 1
*5; (%g 21+ +
% 490 _g i X*M : Upper panel : absolute difference
:i:% —4| (0.0005. 7¢ — 08) between input and output shear
0 iO 95 x1073 i . :
: ST Lower panel : relative difference
< ol 0] |
*ms . : - .
| 0.04 1.0F 5 fox o+t
& 0.02 0.5} tﬁw .
0.00 l Al

0 - L1 0.0
-3-2-10 123 -3-2-101 2 3 —-3-2-101 2 3
g X102 g x1072 g x1072

_ ~1
<R'e> <R'><e> <R>"'<e> <g > B <R> <e>

Credit : Maude Le Jeune 77



Other shear estimation methods : Moments

KSB (1995) :

-  Weighted quadrupole moments (with iteratively adjusted W)
- Strong PSF assumptions
- Setup adjustment with data

DEIMOS (2011) :

- Same idea as KSB
- Mathematically exact PSF deconvolution (no assumption on galaxy or
PSF profiles)

78



Other shear estimation methods : Model fitting

lensfit (2007) :

- 7-parameter galaxy model fit : galaxy position, flux, scale-length,
bulge-to-disc ratio, galaxy ellipticity
- Bayesian method : each exposure fitted independently

HSM (2003) :

2

d’x

- Adaptive moments : Gaussian weight matched to the image
1 NV
I(x) — Aexp —E(x—xo) M (x —xp)
(N J

.. 1
- Minimise — E:—/
2 Jp2
Y

- In practice : Gaussian model fitting W
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Metacalibration (Sheldon et al. 2017)

Image after shear application:  I(s) = P ® [S(P_1 R I)]
with s the shear operator and P the atmospheric seeing + PSF + pixel response function.

To remove noise amplified by deconvolution, creation of a
dilated PSF I : F(;lf) — P((l - 2|"y|);17) @ shear distorsion

New shearedimage: J(s) =T ® [s* (P™' ® I)]

— This procedure introduces correlated anisotropic noise, which can lead to a systematic

multiplicative bias.
J0P(e)e

(e) = | de By 7:07 de = (Ryv)
Estimation method : ) sPlele YT
(R )= 1 Be ~,r=0de ~ ./de (T) de
()~ (By) o)~ (By) (Ryy). | | ) .




Shear application to seconds moments

Theoretical second moments (after shear application) :

Lty 2
M(S)=SMS' = A? (CCL 2) S:( & lfgl)

Ifgl#0and g2=0:

= (14 91)* Mg,

b= (1 — g3) * My,
6= (l—g%)*Myx
d=(1-g1)** M,,

Ifg2#0andgl=0:

a = Myz + g2 x (Myy + Myx + g2 x M)
b= My, + g2 * (Myzy + My, + g2 x M)
¢ = Myg + g2 % (Mg + Myy + g2 % Myy)

d = My, + g2 % (Myy + Myz + g2 * My,)
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Pixel second moments calculation

Mpix = ()Z) - ic)(f - )?c)szX,\/ de)
pixel pixel

X-X) =MGi-i) |
5.2 b ) change of variable
d°X = |det(M)| d-i

Mpo= | X-XoX-X)' X/ | &%
pixel pixel

= |det(M)| MG —i)G— i) M" &% ] |det(M)) f d*
pixel

pixel

Xc : pixel center
M : Jacobian

= M[ N, I d2?] M I
pixel ) f (x_l/z)zdx: 1/12
0

=MM'/12
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Simulation parameters

e General parameters:

- 40 random shear values (between -0.03 et 0.03)

- Averaging each over 20 pairs of random and opposite ellipticities
(between -0.3 et 0.3)

- Pixel scale : 0.2 arcsec/pixel

e Noisy simulations :
- Noise image simulated with a normal law (mean = 0)
- SNR values between ~17 and ~35

- Mean of each point over 10* realisations
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Position estimation on images

Estimation of XO and yO by minimizing the implicit function :

>i@i —xo)W(zi — o)1

f(ZE(), I) — Zz W(wz B mO)Iz

— Iterative calculation until reaching 107*
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N
Mimage = Z XinTWi [Io ® ¥

Gaussians galaxies

e Gaussian PSF
e [R=15

N
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Estimations : TR limits (Sersic n=1.0)

) TR = 1.42
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Estimations : TR limits (Sersic n=4.0)
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Estimations : TR limits (COSMOS)
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Sersic estimation : different stamp sizes (TR = 1.5)
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Position variance calculation

flxo. D) = ) (xi = x0)W(xi = xo)l;

af
(9;11' = (x; — x0)W;
af
0 _ T
oL, I of
dx0 g{) =- Z WI + My Z(Xf — Xo0)(x; — x0)" WI
= —F1 + My M}F
&
6X() 1 = i
—) a0 F[]l — My Mp]™' (x; — x0)W;

When noise is added (¢) :

%
0l;
= K(x; — xo)Wi€;

0xg = €

5 d
cx) = Y (2 o)

_ (9)(() 2 2
- Z( (9], ) o.noise

=K, Z(Xi — x0)(xi — x0)" W?

noise

My
=K% . — Z W,.2

noise 2

90



Analytical prediction of flux noise bias

F = Z W(x — x¢)!
b= > °F V = —Ftr(M Vi )+t (M mp M V)
— = —Ftr ) +tr m T
! 2 dwoda?() W w W
d2F 4
to C = t?”(MW KMWQ)

B diE()dIk
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Noise bias on unnormalized 2nd moment analytical calculation

dm] dm] d m[
mr(l +n) = +Z da:o e+ 5 Z d%
) !
tl — QFVZE 4 terms
t2 = —2(V,My'm;)
t3 =t2

t4 = —mTr(Vy M) + My (M Ve M h)
t6 — M4W2(KMIX/1)

Qm[ de]

2
2 odly, " ar "
! 0

2 terms
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Noise bias on normalized 2nd moment analytical calculation

_ d(m F mEF~!
miF 1([+n —m;F~! +Z ! nk+ Z dl;jd]l N1y

? l

5 terms

tl [ml] /F B[mI] = noise bias on

2
t2 = — [ ]m]/F ! unnormalized second moments

tS — t4 — _2M<W2)/F2 B[F] = noise bias on flux
t5:2(m]/F3 ZWI@ 03




Auto calibration factor

Rij= (M — My ) — (M, —

Ria| = 2(/\/])1; — Miy_)

Ra1| = (MEXJr — sz_) T (M)%;r o
L 2 2—

\R_QZ, — Q(Mx;— o Mxy )

M-

Yy

M2

Yy

)

)
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